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PREFACE. 



In propo^ipg tito expositiou <^ a ajBtoiu by which Nu- 
merical Computation may be effectuallj taught from 
Principles, addressed to, and serving to cultivate, the 
pupil's ju(}gment» instead of by dogmatic Kules, demand- 
ing from him no more than passive obedience and the 
exercise of m&tek ipeebanic^ memory^ Tbb Constructive 
Arithmetic aoes but follow, however remotely, in the 
path marked out by many a treatise of established and 
extended reputation. From all these, however^ its noble 
prede(^S80i^ it /differs as essentially in plan and me- 
chanism as it accords with them in aim and purpose : its 
peculiar features being so many and so marked, as to 
confer on it, in the absence of whatever other recom- 
mendation, the distinction, at least, of possessing a 
positive and clearly -defined individuality. Among its 
principal peculiarities are these: 

I. Nothing is taught which requires to he afterwards 
contradicted. It has been the practice of even eminent 
arithmetical writers to commence with two statements: 
a. That, in any line of figures, the right-hand place is 
that of units, b. That ciphers to the left of a figure 
do not affect its value. Both which propositions, being 
only true of figures representing Integers, must be aban- 
doned and contracted when the Notation of Decimals 
is encountered. But, by the very simple and natural 
device of restoring the Decimal Point (see page 2*) to 
its legitimate position as the origin of local value in 
figures, we at once escape the necessity of this false 
start in Notation of Integers, and provide for that of 
Decimals, by the easiest of gradations, as soon as the 
nature of a Fraction shall have been explained. (See 
Pbinoiflbs l and il, page 3-) 
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'"' iL Vulgar and Decimal Fractions are introduced at tiM 
4i(rliest,pf>ssilile etiige. Consideriug that Fractions cannqB 
bo atdided in Simple Dirision, few pTOceerfinga can lM 

'Ifess logical than postponing the esposition of thom ti^™ 
compamtively reraota .stage of arithmetical study, <M 
treating them as constituting a distinct depnrtnteiit of toS 
science of immbisrB. The leading modern Arithmeticiai1cU| 
have, therefore, unanimoUBlj renounced this vicioos affl 
rangement, and are constantly bringing Fractious nearoH 
and nearer to the threshold of their methods. Going '« 
the utmost point in this direction, we here eshibit tUfl 
JocmatioQ of Fractions, Vulgar and Decimal, inkmediatetg 
^er Notfttion tuid Numeration of Integers. . ^^^ 

"in. Decimals an taught vriih Integers in the elementarj^ 
i^tes: By this earl^ exposition of Decimals, we ^M 
enabled to restore them to their true connection wiffl| 
liltegera, and to teach the treatment of both at once, ifl 
the rudimentary processes of Addition, Multiplioatioid 
Subtraction, and Division, This is, in itself, an importaiifl 
advantage. And it leads to Others ; among which are tfad 
proniinencia DeeeBsaiily given to the truth, that aacS 
Multipliera (and Divisors) as 6000- and -006 are stnofiB 
analogous in their effect o\i the Product (or Qiiotiei^H 
and the consequent exclusion uf every pretext forsaMfl 
rating, under different and widely -sundered rules, aa jB 
invariably done, two Operfttions whicli are essentiaBH 
identical in principle and in ofiect. ^t 

IV, Tracing the Process. A fundamental idea peia 
vodiag the entire of this work, and more distinctly coe3 
spicuooH in the second part of it, is that; not only ahoiiM 
the pupil's judgment be satisfied that the process whjttj 
he is taught to adopt in the solution of any question H 
the true one, — that the prescribed route must, of neo^fl 
aity, conduct him to the desired goal,— but, also, that gfl 
should, during and througbont his journey, everywlien 
find himself in a position to demonstrate that eaS 
particular step Khich he is, at auy moment, taking, jfl 
accurately dii'ccted thither. So that, like a skilful navi- 
gator, after taking a true departure, on tlie true course, 
and, pausing at any point in his voyage, he may peitreive 
weoisely where he is, how and why he arrived there, aijd_ 

twhether he is still steering towards I 
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'7he advantagCB of this practioa are too obvious for adyo- \ 
OD£y. In order U> secure tbem, tbe pupil ia called on, 
througbout the exercises of The Conatruotive Arithnietio, 
to explain in writing every line of the work of every 
BolutiDD which he effects. Thau this minute recoguitiou 
aod progressive record of the part which each successive 
Une and c£ich iudividuaj figure performs in huildiug up the 
ultimate result of the openttiou, there ia do more valu- 
able feature in the method here developed. It frequently 
unveils importfint truths which might otherwise elude 
obaervutiun. (See pages 335- to 337) 

Improved Elemsntartf Rules. The practice of thm 
.JCracing the Process through every line and every tigure, 
ftlao, to the detection of such obscurity or farecon- 
ible contradiction as imposes on us the necessity of 
modil'ying certain of the ordinary elementary rules. Ah 
example of the former defect, take IH'J '. SfiS in the 
OAq ordinary way, where, by the injudicious omis- 
g.g aion of ciphers, a young student is, so to speak, 
tempted to inisappi-eijond the second and third 
Hnes of the work, whicb (having learned to call 
the right-hand place uotts) he would be almost 
certain to road, and would, in fact, be justified 
|B4i4 in reading, as 324S and 1947, iusteod of J 
32,450- and 194,700-, as they really are. , I 
We eiFectually seal this souroa ^ 
of error by the constant use of ' 
- 6- timeB 619- *''^ Decimal Point, and by the 
restoration of the improperly- 
omitted ciphers. With this slight 
modificattou, the operation be- 
comes clear and logical, and 
I'WKciPLKi Ti. sod nT. Tracing the Process, easy. 
As an instance of palpable contradiction. Multiply 
389 by -25 according to the established method. J 
Hero, in attempting to trace the process, we are I 
C0D&x)nted by three astounding statements: I 

a. That (389 « -05) that ia {^ of 389) = 1945 ! I 
6, That (389 x -2) that is (i of 389)= 778(0)1 
0. That 1946+778(0) = !)7;t! 
tbe last line being only made true by flatly eon- 
ioting the two preceding ones, from which tt is derived; 
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for, to interpret those two lin 



istently couducire 
extorted from them. 



97-25 = 



a to make tber 



the result which is thus illogicallj 
is manifeatly imptrssible. 

By our method, on the contrary, 
the esample is so worked that every 
lioe is kept to its true meaning, and 
tbea the derivafiou of the result 
from the foregoing lines becomes 
obvious and uatura). See Pbinci- 
pi^5 xiL and IX. Page 171- 

VI, Elementary Processes lased on Experiment. In 
teaching Arithmetic, nothing can be more proper than to 
fbund the pupil's primary notions of numbers and their 
relations upon actual, experimental, manipulation of real 
objects. Hence, the collection, diminution, repetition, 
and distribution of manageable units, as well as the par- 
tition of single units into Fractions, are now universally 
adduced, by arithmetical writers, as the groundwork for 
their expositions of the OBsential elementary ojierations 
in numbers. Following bo sound an example, The Con- 
etructivfl Arithmetic is constantly appeahng, in its rudi- 
mentary department, to actual experiment with peas, 
pebbles, strips of paper, the strings of bolls composing 
tho Arithmeticon, or Abacus table, &a. It does more 
than this. It takes effectual care that, however variously 
an elementary process may be afterwards applied, it ahaJJ 
never be so distorted or obscured as to be no longer 
demonstrable by the hurabie experiment by which, it was 
at first elucidated. This is by no means a vain pre- 
caution. It is especially necessary in treating of the 
applications of Division; for in these varied applications 
there is a constantly-recurring danger of mbappreh ending 
the true nature of that operation. This danger originates 
in the fact, that; "Dividing by anynumiwr produces the 
same figures as Multiplying by its Reciprocal ;" and, there- 
fore. Division Btsnia (only seems) to yield the same reault 
as Multiplication. That this is only an apparent, uot a 
real, identity— a coincidence, and not an equality, of re- 
sults—we are enabled to shew conclusively, by keeping 
incessantly in view the true nature of pure raperitnental 
Snvinun. See pages 101- to 103' 

(■Dividing by any Number really produced the 
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result as Multiplying by its Reciprocal, then Division and 
Moitiplicatioin must be essentially the same process, which 
no one pretends them to be. 

Neither is Division the reverse of Multiplication, as 
is commonly said; for Division is nothing more or less 
than. Distribution, and, therefore, neither increases nor 
diminishes the Dividend, but merely re-arranges it; 
whereas, Multiplication, if by an Integer, increases^ and, 
if by a Fraction, decreases the Multiplicaud. See page 
98* and Pbikciple xiv., page 99* 

The importance of maintaining, conspicuously, the 
distinction between coincident and equal numerical ex- 
pressions, has been held to justify the introduction of a 
new arithmetical symbol (==), to be employed as the 
sign of numerical coincidence. Page 103* 

VHL The Implicit Change of Unit The true idea of 
actual, mechanical Division being consistently adhered 
to throughout this work, we are, under its guidance, led 
to the discovery of the hidden, or, as we say, implicit 
change of miit, producing, in Compound Division, a suc- 
cession of Concrete Divisors, so that each denomination 
in a Compound Dividend shall have, as it necessarily 
must have, a Divisor of its own kind : Pounds being only 
divisible by Pounds, Shillings by Shillings, and so on. 
Page 218* and Principle xiv., page 99* It is only by 
the light of this discovery that Compound Division can 
be intelligibly analysed, or shewn to be identical with 
that pure and simple distribution of actual units which 
it professedly representa Thus elucidated, however, it 
becomes an interesting study. Page 224* 

The Implicit Change of Utiit is, also, the only key to 
Concrete Reduction. For, Multiplication by an Integer 
being only repetition, how can Multiplying Pounds by 
20*, that is repeating them 20* times, turn them into 
Shillings f Page 84* 

Practice, too, is founded on the Change of Unii Page 
25^' Barter cannot be rationally analysed without en- 
countering it. 

In deriving numbers representing Superficial or Solid 
units: &om fiEictors expressing Lineal units, whether by 
Decimal or by Duodecimal Multiplication, successive im- 
plicit changes of unit constitute the very essence of the 
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process. See pages 369- to 276', and 280- to 292' 
abort, it would be difficult to diaoover any application 
of Arithmetic to coocrote oumputatioaB into which 
"Change of Unit" does uot enter as an essential and 
pervading element 

IX. Principles mancialed aa S»be(antive Propositions. 
Tbe Constructive Arithmetio employs the word "Prin- 
ciple" with more than ordinary precision. The term does 
not here mean, aa in some excellent treatises, a more or 
less terse and Incid esplanation of the " Reason of the 
Eule;" nor, as in others, the evasion of a dograatic rule 
by substituting a common-sense application of elementary 
processes, iu the same way aa wo supersede the Rule of 
Three by working " without reference to ratio" (see pages 
312- et eeq.), whioh some writers would describe as "Solv- 
ing by First Prinoiples;" nor does it signify the espres- 
Bion of a truth, or description of a proeesa, by means of 
an algebraic formula. 

A " Principle" here, is a fundamental arithmetical 
truth, originating either in the nature of numbers or in 
the properties of tbe Decimal Notation, and on which 
one or more arithmetical operations is wholly or in 
part founded. Twenty-seven propositions, with four 
oorolUries, embody all the arithmetical truths necessary 
to establish whatever is taught in this volume. These 
are suooessively evolved in the course of the work, 
demonstrated, (by eiperiment or analogy, and without 
algebraic aid,) propounded in brief form, and numbered 
for subsequent reference. The first twenty-sis are col- 
lected on pages 170' to 172' The twenty-seventh, illus- 
trating Duodecimal Multiplication, will be found on pnge 
275' 

K. Afintite Diseussinn of advanced Hales. Although by 
the possession of these Pnncipiea tbe student is, to a 
great extent, rendered independent of special rules, and 
although by an unusually ample development of the Four 
Elementary Prooesaes, Simple and Compound, (Vulgar 
and Decimal Fractions being everywhere made available,) 
we have largely encroached on the ground ordinarily 
occupied by suoh special rulesj having, in fact, gone far 
m towards entirely superseding very many of them; yet 

^H they are here not only given, but demonstrated B^^^H 
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ilstntted as elaborately as if they coustituted the etapU^ 
jj'tfie volnme: ' 

f Ixtrcl Bacou recommeudii that " Books should M ' 
To facilitate this mode of testing the present 
, the following may be meutioned as some of thdU 
e vfaich era moat thoroughly saturated with il»l 
Beulior and charactoriMio flavour. 
'Subtractioyi, Simple ami Compound, which ar 
I'flRbcted, in figures, precisely as they would he with thifl 
lal units. The common circuitous method of ut^9 
aing both quantities being abandoneii, crtiTying ia iwiW 
jer necessary. See pages 82' and 207- 
greatest Common Measure, domonstratiou siuipIiS 
i Qondeuaed. Page 133' 
--Jjtatl Common Multiple, rule improved, and establi^ed 
y a new demonstration. Page 136' 

Becurring Decimnh, simplified, and niles ccmbiiied^'f 
' »U3- 
t'jThs Tabki are arranged on a, new and natural aysJJ 
.ml developed with peculiar amplitude and precisiorf^ 
[jof detail and illustration. 

T^^c Proposal Decanal Coinags is folly disousaed, an^ 
fi ooniparative advantages of £. a. d, and of the "Poun(^ 
cl Mil aoheme," are minutely and impartially displayed^ J 
a 234- to 24G- 
^S^are and Cvbie Measures, by Decimal and by Due 
'Woal Multiplication, disaeoted and illustrated witll 
innte precieion, and with the exposition of some neipH 
[hods. Soe pages 269-, 271", Jre. 
Practical Applications of Riulimentnry Me-aauration to 
■ 'layers', Maaons^, Carpenters', Paintere', and Paper- 
_ re' work, as well aa to the computation of aimplo 
d-areas, Weight of Hay-ricks, Weight of live Cattle, 
\ aud Weight of Timbor, Content of Cisterns, Ac, 
e received careful attention, and are all presented 
r sspeots more or less novel aud attractive. Pages 
■- to 294- 

specific Gravity is esplained in p, simple manner; and 
miimber of interesting and useful oalculations founded 
Jit Pages 294- to 307- 



Proportion, or Rule of Three, into which, it is hoped, 
new light and inteieat have been tlirowu, by the miuutti 
diecuBsion of its principle and applicatioDa ; and, espe- 
cially, by tiie curious considerations detected in tracing 
the process in Inverse Proportion examplee, and by the 
exhibition of an interesting device for mutnal transmuta- 
tion of Inverse and Divect ProportioaB, See pages \i5; 
330-, 335', fit seq. 

Barter: ordinary errors of reasoning exposed and cor- 
rected. Pages 338- to 342- 

Compound Froporlion, or Double Hule of Three, where 
the construction of tho queutiou, by the combination of 
two or more Simple Proportions, is exhibited in a new 
and ensily-intelligible manner, and the process simplified 
and dearly traced. Pages 345- and 347' 

f^guation of Payments: tiiQ usual rule extricated from 
its chronic uncertainty, by referring the balance of ad- 
vantages to the end of the Term, inutead of to the day of 
Equated Payment. Page 382- 

Other poieta of pecuiiarity will be readily discovered 
upon inspection of the Table of Contents, which is in 
BufSoient detail to serve aa an analytical index. 

The efficacy of any instrument, however well adapted 
to its intended purpose, must ever depend on the fidelity 
and fikill with mhioh it is employed. The effect of a. 
drama calmly perused in the uhiset does not more feebly 
suggest the vivid picture which it may present when 
informed with light, life, and reality, by the actor's 
genius and zeal, than a system of teaching, however 
elaborately propounded on paper, fails to represent its 
own power as applied iu actual practice by skilful iu- 
struotora. On such of these as may so appreciate and 
absorb its spirit aa to transfuse that spirit with quickened 
"' energy into their own teachings, this humble work must 

rely for its production of those valuable practical results, 

I which the Author has spared neither toil nor tims to 
render it competent, in their handSj to achieve. '^^^H 
Milton Abbot, Tavistock, <'^^^I 

October, 18»3- i^^H 
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SceoKs, or Thp Fuhdr, 863' National Debt Floctaations of 
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Ex. IC* For "iminberg*' read "nnmber." 
Line 0* fh>in foot Bead |- instead of {-. 
Line 14* from foot. Omi^ *' or by nines." 
Ex. 33" For '* apples'* read "pears.** 
Line 10* from foot. For "twelve" read "eight- 
Line 19* Bead '* Daodecimal Maltiplication.'* 
Line 19* and following. For "Ig." read "wide." 
Line 24* For " 14- a ll^ in. long," read " 9* ft 6* in. 0* U. wide." 
Line 5* from foot For " many " read " may.** 
Line 18* For "40* feet" read "30- feet.** 
Line 14* from foot. For "And 9* times*' read "And 19* times." 
Line 13- from foot For "4357* times" read "4347* times." 
Ex. 12- For fy read H 



%* Tbe notes, throaghoQt the work, are addressed to Pnpil-Teaohers. 



THE CONSTRUCTIVE ARITHMETIC. 

♦ * 

PART I. 

PRINCIPLES, AND ELEMENTARY PROCESSES. 



Arithmetic is the science of number, and teaches the 
art of computation. . . , , 

TJKITS AND DTTEOEES. 

Any single undivided thing is called, in arithmetic, a 

unit. 

Thus, a unit may W'Ott'appUf a Mlt, an aniHtal; a certain weight, 
as a pound, a hundred-w&(tfhi, aton ; or- the tmit may be a certain 
length, as a fobV^'ti m%h ; or a 8|)ace 6f thne, as a minute, a fnanth, 
a year ; or it may h^ a StfrCaCe €tf 6om«r certahi size, or any other 
single entire thing*. 

'^■' Aiiyiitthib6r of liiuts of the same ki^d make an integer 
or whole number. 

p; wQ.t£^e^£os our unit a square of card-board of a certain size, 
then, twp of^^jhos^ squ^es wHl be the integer two, three of the 
squares will be the integer three, and so on* 

One unit is called nnity. 

NOTATION. 

Numbers are expressed by ten characters; nine digits 
or figtires, aid a cipher or nought. 

The art of expressing numbers by digits or figures is 
called Notation. 

One unit is expressed by the digit 

Two units are „ by the digit 

Three units „ by the digit 

Four units „ by the digit 

Five imits „ by the digit 

Six units „ by the digit 

Seven luiits „ by the digit 

Eight units „ by the digit 

Nine units „ by the digit 

Nothing is „ by the cipher 

Significant Figures. The digits 1, 2, 3, 4, 5, 6, 7, 
8, 9, are called significant figures, because each of them 

B 
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which is called 


1 "one." 


2- 
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"two." 


8- 
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"three." 


4- 
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"four." 


6- 
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"five." 
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« six." 


7- 
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" seven." 


8- 
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"eight." 


9- 


)) 


»> 


"nme." 
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>j 


"nought." 



for it signifies 
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The cipher is not a significant figi 
mber. Its use will be hereafter shewn. 

EXERCISE I. 
Write KntiBere to Iht /ollowitiff juertiolw.' What is arilimBlio? 
Wbatis taught by itf Wliat is meuit by theword "unit"? Name 
some ouits. Eiplun the vord "integer." If the unit were an 
apple, what would the integer dgbt bef What would five apples 
be! How arennmbers EspreHsed? What is the art of expreaaing 
them in this way sailed? How many significaut Hgures aru there? 
Why are Ihe; called signitloaDt figures ? Which of the tea arith- 
metical characters'is not a KigDlficutt flgum? What is meant by 
"notation" in arithmetic* 

NOTATION OF INTEGERS. 



Eight units are expressed thus, 8- The dot on the 
right of the digit is called the Decimal Point Places of 
digits are counted from the decimal point. Digits repre- 
seQting integers, stand on the left of the decimal point. 

The first digit Co the left of the decimal point is in Ihe 
firtt place of inlegtrs. The second digit to the left of the 
decimal point is in the second place of integers. The third 
digit to the left of the decimal point is in the third place 
of integers, and so on. 

Hence, in the follonmig line of fiRores, gTM»ai)41- digit 6 is in 
ninth plaoe nf integers; fl is in siiih place of integers; S is in 
foorlh place of integers; cipher is in third place of intagara. 

TENS, HUNDREDS, THOUSANDS, MILLIONS. ^_ 



Tanu 


nitjtmalie 


. . . one len. J 


Thru 


msmalra owe Aundnrd. ^ 


Ten liiindreds make one thoutmd. ■ 


Athaiuandlhouiaiidiaaiie.. one miliion. m 


Qm unil and me 


Mn raaka eleven. 


Two tens make Imentg. J 


Two uniia and on 


i ten „ laetve. 


Three tern „ thirty. ^ 


ThretvMiUmi.t 


4u ten „ thirUen. 


FonrUnu „ forty. ■ 


Four iHud and 


« Un „ /oarMM. 


Five ten, ^ Jif^. * 


Five mrfM and o 


eten „ fi/uen. 


Six tens „ sixti/. 


Six iMiti and <mi 


Un „ nxUm. 


Seven tens „ seventy. 


Seven vniU and 


ne len „ levenletn 


Edghltem „ eighty. 


Bi7Munifctund 


ne Un „ Hgkteen. 


Nine ten, „ mnei». 
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NOtATIOM OP ISTEaESS. 






; appears lliat 1I10 sjllabie "letn" stands for the vorda " 
/rf(." in tha same nafi the sjllable "1^" slands for the vnrl 
" Mmr," tixty meftoiiig "six lent." 

To expresB four units, put digit 4 in first place of inte- 
gers, thftt is, next on the left to decimal point ; thus, 4- 

One ten I'r exprested by digit 1 in second place of intagpra, 
the first place being filled by a cipher; thus, 10- 

If llie rapber be removed, Ibe 1 will then stand in ibo fir^i pluca 
□r inugera, and will therefore represent but one unit inutaod of on* 
ten, as it does now. Tbe cipher, tfaerefore, standing between the 
decimal point and a significant figure, altera the value of that flgltre. 
But, if a cipher, or any oombet of ciphers, stand on the left of a 
digit in aoj place ot integen, no change will be made in the value 
of that digit. 01-, 001-, 0001-, are all alike is value, because, in all 
thre?, the 1 is in t)u firit plaet of integers. Keineniber, then, tJie 
following important principles ; 

Pbinciple I, The tame digit ia made to reprencnl 
different inrnxbers hy changing it» place, countitig from the 
decimal point. 

PBrsoiPiE II. TTie cipher is employed to Jill places 
where stgni^anl figures are not required; and the cipher 
is only of service when it stands between a significant figure , 
ant/ the decimal point. 

To express a number consisting of lens and units. 
Separate the numher into tens and units. 
Then eipreas the units by the proper digit in the first 
place of integers, and the tens by the proper digit in the 
second place of integers. 

Eleven, being oni ten and one unit, is expressed thus, II- 
TweWe, or one ten and tu>e vniu „ „ l-i- 

Thirteen, or one ten and three nniti „ „ l;l- 

Twentj, or two t«n« „ „ 30' 

Fifty, or Jill* t*Tul „ „ 50- 

Ninety-fonr, or nine t«m and /our unili! „ „ lU.- 

EXERCISE II. 
How are units expressed? What is the dot placed on the right 
of the digit called! What is the une of the decimal point? On 
irhich aide of the desimal point do digits stand to represent inte- 
gerB? When is a digit said to he in the first place of integeral 
Name the place of each Qgure in the fallowing line; 3I1Q29' 
Wliat is a hundred? What ia amilhoaT How many tens make a 
thonsand ? How many hundreds make a million 7 What is meant 
hj "foorteen,"' "eleven," "twelve"? What is meant by "sistj," 
"seventy," "eighty," "ninety"? What words does tbe syllable 
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"taBD" stand fnr? What does the syllftbie "tj" reiresentT How 
is ten expressed F What is the uae of the cipher in this eiprea- 
monf Where would the significiint figure be, and what weald it 
represent, if the oiplier were removed? How ia the cipher em- 
plojed? Where odI; is the cipher of use? Give an instanee in 
which four ciphers would make □□ alteration in Che value of a digit. 
Why is this? How is the same digit made to represent different 
numbers? la proceeding to express, by digits, a nnmber coDsist- 
ing of tens and units, two steps are neoessary ; which is the first, 
and which the second stepT How do jon eipress eleven ; and wl^ 
do you so express it? How thirteen, uinety-aix, flftj-five; and— 
why ? Write, in figures, the following numbers,* plneiug them in 
a <!QluinD,with all the decimal points in one vertical line: nineteen, 
eleven, thirty-one, twenty-four, forty-two, aixteeu, siityone, seven- 
teen, seventy-one, fifteen, fift^-ooe, thirteen, thirty-one, fourteen, 
forty-one, twelve, twenty-one. Write, in figures, ail the nambers 
from one to ninety-nine. 

Hundreds are expressed iff digits in third place of in- 

For one hundred, write digit 1 in third place of inte- 
gers, filling first and second placea hj ciphers ; thus, 100' 

To cTpress a nuHifier consisting of Hundreds, lens, and 
units. 

Separate the number into hundreds, tens, and unit*. 
Then express the units by the proper digit in first place 
of integers ; the tens in second place ; and the hundreds 
in third. Six hundred and eighty-three, being 6 hua- 
dreds, 8 tens, and 3 unita, will be written thus, 633' 



EXERCISE in. 
ti figurei (ft* following numben. 



Write in figures (ft* folloutijig num6er«. One handced and 
sixty-four; four hundred and sixty-one; six hund. and four- 
teen; six hund. and forly-ooe; four hund. and sixteen; one 
bund- and forty-six; one hund.; two hnnd. ; and so on, np to 
nine bund.; four hund. and three; three bond, and forty; 
four hund. and thirty; three hnnd. and four; one hand, and 
twelve; two hnnd. aod eleven; one hand, and twenty-one. 

Thousands are expressed by digits in Jourlh place of 
integers. 

For one thousand, vnite digit 1 in fourth place of in- 
tegers, filling first, second, and third places by ciphers; 
thus, 1000- 
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EXERCISE IV. 

Write in JSgyra the following numliers.* One Lboussiid four 
hundred and e%htj-aii; OQe iboneiLDd four hand, and aixtj- 
F^igbt; one thonn. six btmd. and forty eight; one tlious, bii 
himd. and eigfalj-fonr; one Uidub, eight hnnd. and Tort^-aui: 
oDe thoDs. oght bund, nnd sii^-fonr-, lour thoua. tmv htind. 
and sUtf-eigbt; four thous. one hund. and eigbtj-six; four 
thous. eight boad. and sixteen; four Ihoue. eigbt hnnil. and 
^ii^-ane; four tbous. six himil. and eighteen: four thoua. six 
bond. Bnd eigh^-one; six Ihooi. four hand, and eighteen; ni 
thoiiB. four bund, and eightj-oue; six thooa. eight bund, and 
faiinesn ; aix tbous. eight bund, and fortj-ooe ; nix thons. one 
hund. and eighlj-four; sU thons. one hund. and fortj-eightj 
eigbt llioUB. dx hund. and fourteen; eigbt tbous. six hund, 
and forty-one; eight tlious. fuur bond, and sixteen: eight 
tbous. four hund. and sixtj-one; eigbt tbous. one bund, and 
^i^-fonc : eigbt tbous. one hund, and fnrty-six. 



Obse 



! that the foregoing twenty-four numbers 



four digits difTerentl; placed. 



r expreised by digit 1 in fifth place of 
fottr places being filled by eipktru 



espressed by the 
Principle I, page ■ 

Ten thousand g> 
integers, the othet 
thus, 10000- 

EXERCISE V. 

Wite in figuTei the foUowing iiMmbtn. Twenty Ihoiuand; 
Ibirty tbous. ; forty thcus.; Bfq> thons.; sixty tbous, ; aeventy 
tbous.; eighty thau».; oinet; tbous. 

Ninety-two tbous,; aeveoty-three thoua, and one; eighteen 
thouE. and forty; Iwenty-one thoua, and twelve; eleven thoua. 
and nineteen; fifty-four tbous. one hand, and ten; seven- 
teen tbous, four bund, and fourteen; ten thoua. ten bund, and 
ten ; t fifteen thoua. flftMD buud. and Sfty ; seventeen bund. 
and iwehe; twenty-nine tens. 

Eighty tbous. tbree hund. and twelve: eighty-one thoua. 
two hand, end three; eighty-lbree thous, and twenty-one; 
eigbty-two thous. and thirteen ; eighty. three thous. one hund. 
and two; eigb^-one tboue. two bund, and thirty; eighty tbous. 
two bond, and thirty-one ; eightj-lhree tbous. 
tngbty-two tbous. one bund- and thirty; eighly-oi 
fiiizty-two; eighiy-tbree tbous. two hund. and on< 
~* and tventy - three ; eighty-three thoua. at 

; eigh^ tbous. one bund, and thirty-two; 
two bond, and ton; eighij-two tbous. thi 

:; eight; tbous. tbree bund, and twenty-one 
thons. three hund. and one; eighty thoua. ti 
thirteen; eigbty- 



and twelve; 
e IhouB. and 
; eighty-one 
I bund, and 

eighty-tbree 

« hund, and 

eighty-two 

1 hund. and 
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bund, and Uiree. 

Observe that the foregoing twenty-four numbers are 
expressed by the same four digits and a cipher. In all 
these twenty-four numbers, the digit 8 occupies the fifth 
place of integers. If the 8 be moved from place to place, 
lihe the others, then the four di^ts and cipher will sul&ce 
to express tiinety-six different numbers. And if a sigiii- 
ficant figure be employed instead of the dpher, then the 
Jive digits will be capable of expressing one. hundred and 
taenti/ different numbers. See Princi|.>le 1. page 8. 

For one hundred thoiaand, we write digit 1 in sizlh place 
of integers: (Aui, 10000 0- 

EXERCISE VI. 

WriU tn Jigurti the JbllouiiHg nambera. SU Iiundred tlinnsand; 
seven hnud. (bona.; eight hund. thoas.; mne buud. thous. ; 
two hand. tliDDS.; three bund, thaos.i four baud, thous. ; five 
hund. tboUB. 

Eight Lund, nnd ninetf-flve thous, four huod. and twelve ; 
three bund, and eleven thous, and thirteen; Ave hand, thous. 
and twenty -nine. 

Nine bund, and fortj-three thous. six hund. ; sii huud. 
and nine thous. and seventj; four hundred and eighty tboua. 
one hund. aod aiii «eventy thoua. three bund, and sixty-one; 
ui bund, and Afty-fonr thous. three bund, and twenly-oue; one 
hnnd. and sixty-four thous. three bund, and fifty-six; four hand, 
and twenty-une thous. five hund, and thirty-six; three hund. and 
fifty-four thoas. six hund, and twenty-one ; six hund. and raorteen 
thous. five hund. and thirlj-two: sis bund, and ftftj-three thous. 
two bond, and forly-one. 

Any six aigniUcant figures will expres.s seven hundred 
and twenty different numbers. Examples of this will be 
given under the head "Numeration." 

For one million, or one thousand thousand, we write digit 
1 in seventh place of integers; thus, 1000000' 

EXERCISE vn. 
Write in Jlgarei Iht foUoining wimbiri. One million one 
huod. thouii. and sixty-four; twomilbous; three millioDS ; four 
millions; five millions; six millions ; seven millions; eight 
milUoQs; nine millions; two millions four hund. nud six thous. 
five hnnd, and three; seven millions and flfty-fonr hundreds;* 




NOTATION OF INTEGSBS. 7 

eight millions ten hund. and twelve; twelve bund, and fifty 
thons. six bund, and seventy; five million one hund. and forty- 
six thous. three hund. and sixteen; eighteen hund. thous. 
eighteen hund. and five; three million four hund. and fifteen 
thous. five hund. and fourteen ; eleven hund. and ten thous. 
and eleven. 

For ten millions, or ten thousand thousand, we write 
diffit 1 in eighth place of integers ; thus, 10000000' 

EXERCISE VIII. 

Write in figures the following rmmhers. Eleven millions; 
twelve millions ; thirteen millions ; fourteen millions ; fifteen 
millions ; sixteen millions ; seventeen millions ; eighteen mil- 
lions; nineteen millions; twenty millions; thirty millions; 
forty miUions ; fifty millions ; sixty millions ; seventy millions ; 
eighty millions ; ninety millions ; eighty-seven million six bund, 
and fifty-four thous. three hund. and twenty-one ; thirty million 
fii« hund. and eight thous. and forty; twelve million twelve 
thous. and twelve; forty million sixty thous. nine bund, and 
sixty-four; fourteen million one bund, thous. one hund. and 
forty-one; ninety million sixty one hund. and four; thirty-six 
milUon one hund. and eighty tbous. and twenty-nine. 

For one hundred millions, we write digit 1 in ninth place 
of integers; thus, 100000000" 

EXERCISE IX. 

Write in figures the following numbers. Two hund. millions; 
three hund. mill. ; four hund. mill. ; five hund. mill. ; six hund. 
mill. ; seven hund. mill. ; eight bund. mill. ; nine hund. mill. 

Seven bund, and one mill, eight hund. and forty- three thous. 
two hund. and six; five hund. mill, four hund. and fifteen 
thous. and eight ; three hund. mill, fifty thous. and seven ; four 
hund. and ten mill, and sixteen ; five hund. and forty mill, three 
hund. and ten; seven bund, and two mill, seven thous. forty 
tens; six hun^. mill, three hund. and forty-two thous.; nine 
bund, and three mill, five hund. and sixty thous. nine hund. and 
fifty-three ; eight bund, and ten mill, five hund. and one thous. 
and thirty-seven; one hund. and ten mill, one hund. and ten 
thous. one hund. and ten; three hund. and five mill, sixty-one 
thous. four hund. and eight. 

The explanations and examples which have been given 
shew that integers are represented by digits arranged 
according to the following table. 

as to^mbarrass the young pupil, he maybe assisted either by permitting him 
to fill all the necessary places with ciphers at first, and then to substitute for 
them the significant figures, one by one, or by allowing him to rule vertical 
lines to separate spaces for the places of the digits. 
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FIRST NUMERATION TABLE : 
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In reading off a number, two steps are necessary. 
First, notice the place of each digit, and thus ascertain 
the value for which it stands. 

Second, read off those values in succession, beginning 
at the left of the line. 

In the following line of figures, 342080697* 

3 in ninth place of integers stands for Three hand. mill. 

4 „ eighth „ „ Forty mill. 
2 „ seventh „ „ Two milL 

8 „ fifth „ „ Eighty thoos. 
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6 in third place of integers gtatidg fi 
a „ GecoDd „ „ Nine tens (ninety). 

7 „ first „ „ Seven (units). 
Theretoro the whole line of digits repreFienlH the number, three 

hnnd. aai for1;-tw<i mill, eighty thooH. six buod. and ninety-Bersn. 

EXERCISE X. 

JUad, or uTiIf in teordi, tht /ollowing nmn^trt. 314' 406' 

600- 518- 9001- 8010- 30108- BiWC 19016- 3816- 

3130- 8162- 3261- 3612- 8112 !■ 2a IB- 2HBI- 213(1- 

aiea- aesi- 2613- UB3- i336- 13B3- laaii- i«33' 

16-23- 6321- 6312- 6913- Ba31- B133- 0I-i3- 

ObsGrre that the last twenty-font numbers are expressed 
by the same four digits differently placed. This shews 
the advantage of giving to each digit a local value, that 
is, a value depending on its place. See Principle I. p. 3. 

Arithmetical Symbols, To save time and space in 
arifhmetic, many symbols are employed instead of words. 
For example, instead of writing the words " is equal to" 
we employ the sign of eqnaliiij, which is formed by two 
horizontal and equal lines, one under the other, in this 
way = ; bo that " 100- = ten tens," means that " 100- is 
equal to ten tens." 

Seeing, then, that 100-= ten tens; 200- = twenty tens; 300- = 
thirty tens ; we may read ibe number 31tl' in two ways ; either as 
" three hundred nnd sixteen," or &s " thirty-one tens and six." 
And, beaause lOOO- = ten hund. or = one hundred tens; , 
And 2000- = twenty hand, or =; two hnndred tens ; 
And 30OO- = thirty hand, or = three hundred lens; 
We may therefore read tlie number 39fl3- in four different w^TJt^K 
For 3502' = Ihree thous. five bund, and sixty-twd; ^^^ 
And 3Sfi2- = thirty-live hund. and ststy-two; ^^H 

And 3502- ■^ three tbous- fifty-Bii tens and two; ^H 

And 3&e2- = three bund, and fifty-sii tens and two. ^| 

EXEECISE XI. 
ite in v)ordi, ihe foVojeing numticrs, m at many loayt 
014' BOOlO' 406915' BO] 080(M- 

S40' U03- 15110- 300004- 

1B110050- 1M040810- 7UBS3065- Saiafl- 

7]04(HtSa- 965008438' 131- 28104- 

6iB4aii' 8Toa()4a4s- 



Bead, 07- 

04 poanbU. 

610842308- 

831406574- 

500011- 

814817- 
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t.V>ln7104- 


311S4-J301- 


TflOOOIM' 


848ai341' 


30- 


J 4(1148- 


S1(H> 


7aO4ft0' 


7045- 


804000537- 


11014' 


90e4Ifl350- 



I 181410- 7S0(»O0- 84aOOOI5- 
1643- 370500- SlOUl- 

7a48eis(»- a097- ajieia- 

80004000- 111 till 11- Booouioe- 

784831- BI0(H004> lOOIOl I Oi- 

ls ISIB- paiaTfl- S8a4ni(iit- 

T1843aei5' 

BoJore reading a oumLer of many places of Ggures, it should be 
diridad into jnrinil« and half periodt. A period is sii plaoes of 
figuTPB, and a half period three; sod the division spokun of is 
eflected b; inBertiag a (omma between the third and fourth plocea, 
a semicolon between the aiith and seventh, a comma betwten tba 
ointh and tenth, a samicoloo between the twelfth and Ihirtcenth, 
and so on. The last of the foregaing lineB of figures, when divided 
into periods and half perioda, stands thus, Tie:432,lllB- Then, in 
reading, it is only nereasar; to oumersle from ntop to stop, so that 
never more than three figures are read off at onoe; obeerving to say 
"miliioiu," on arriving at the Kemicolon neareet to the decimal 
point, and "EAoiumRfU" utei'lry cnmma. For a digit in tenth place of 
intflgers represeDlB "thoasands" (of million?), The following lino 
of twelve places, 80lB00On4O0e-^is divided thus, eOI,90O;(lU4,0O5-; 
and read thus "eight hand, and one thouE. uinc bund, mill.; sixty. 
four ihouB. and Avb.'- 

The "eight hund. and one" of the left hand half period are 
thonsands of millions.* 

EXEBCISE Xn. 
Write aiwwen to Ih4 /nUavins quttliaiig. How is the same digit 
made to represent different namberB ? Where will jou put digit 6 
to represent aiityl Where will you Qud Ihe second place of into- 
gets? What does stand for in the firut, second, third, fourtb, 
tilth, siitli, seventh, eighth, and ninth places of integers respeo- 
triety? Whol are the two steps to be taken to write a number in 
figores; If the DDmber consul of millions, lens of thous., hund,, 
and units, how many signifiosnt figures would ba employed, and 
how many ciphers? What places would the ciphers occupy? If 
the dedmal point he removed ^m the following hne of f^nres, 
63143- in what place would each digit he then ? Why ia it ahstdntely 
necessary to true notaUon that &e deci'nal point should always 
beeipressed? In how m any ways may 91043- bo read? What is 
(he greateel number that can be written in three figures? What ore 
the greatest that can he written in four, in five, and in six places ? 

What is meant by the local value of a digit? What advantage 
arises from giving digits a (ocal valiu I 
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FSACTIOHH. 



A iraction is any part or parts of a unit. 
THE FORMATION OF SIMPLE FRACTIONS* 

Take any convenient unit, as a square of paper oi card- 
board. Cut this unit into two exactly equal parts. Each 
of these parts is one half of the unit. Therefore 
One unit = two haket. 

Cut another unit into three equal parts. Each of these 
is one third part, or one third of the unit. Therefore 
One unit =: three thirds. 

Cut a unit into four equal parts. These are fourth parts 
or fourthe or quarters of the unit. Hence 

One unit =^ /our fourths, or quarters. 

Similarly, hy cutting the unit into five equal parts, you 
obtain fifths of the unit. By cutting it into six equal 
parts, you obtain sisths. Proceeding in this way, you 
find that 

One unit =^ five fifths, or six sixths, or sevin sevenlHt, 
or ten tenths, or nineteen nineteenths, &c. 

And you remark, also, that the number of equal pal 
into which the unit is cut, if more than two, decides the 
name of the part. 

If the unit be cut into nine equal ports, tbej will he ninths ; if 
into fiftj equal parts, they will be liftiethB ; if into three hundred 
equal parts, thej irill be three-hundred the; and ao on. 

To obtain nine tenths of a unit, two steps are necessary. 

First. Divide the unit into ten tenths. 

Second. Take nine of those tenths. 

Fractions formed by thus dividing the unit into equal 
parts, and then taking a certain number of those parts, 
are Simple Fractions. 

EXERCISE SIU. 
Draw (or your unit a line of any eonveuient length, and dlviL, 
into fiflhs. Divide another line of the same length into eightfit? 
DiTide Mtotber into tenths, Draw twenty horizontal lines, of Qqnal 
length in a verticfj column. Considering each of these lines as a 
unit, laarli off the upper one into halves, the nest into thirds, tlie 
neit into fourths, the neit into fifths ; proceed thus nnlil the ioit^ 
eat of the twenty lines is divided into tieenty tvienty-fiTet parts. 
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MDTATIOK OT FSACTIONB. 13 

I describe the sqDore A B C D {Diagram 1), 
aiid consider il as a anit. I pat E exactly in Dligmn 1. 
tbe middle oC A B, and F eioctlj in the middle a ' 

of D C. How much of A B ia A E r How 

nracli of D C is D F or F C ? I draw the lino 

E F, dividing the square into two equal parts. 

How much of the nnit is the part A F? I put 

G exacOj midwa; between A and E ; I midway 

between E and B; H midway between D and F ; , 

and K midway between F and C. Then I draw j 

the lines 6 H and I K. What parts of AB are 

AG, GE, EI, IB, AI, GI, GBf What parts 

ofDCoreDE, HC, HK? Into what parts do the three verUoal 

lines O H, E F, and I K divide the unit* How much of the unit 

is A K? How much of tlie unit is O E? The factions A F, 

G E, E C have each two names, what are they? 

Draw for your nnit a square of tny convenient size. Divide it 
into fifths by four vertical lines. Place letters at the comere of 
tlie fifths, OS in Diag7an 1. 

Point out foar pieces each oontainiug two fiftha, three pieces 
each containing three fifths, two pieces each containing four 
flflhs. 

Divide another tmit-square into sixths, and letter them. Point 
ont five pieces each oonlaining two sixths, four pieces each con- 
taining three sixths, three pieces each conUdoing four siiths, two 
pieces each containing five sixths. Draw a vertical line down the 
middle of each of the siitha, the nnit will then be divided into 
twelfths. Letter these, and then point out eleven pieces each con- 
sisting of two twelfths, ten of three twelfths, nine of four twelfths, 
e^bt of five twelfths, seven of six twelfths, six of seven twelfths, 
five of eight twelfths, four of nine twelfths, three of ten twelfths, 
and two of eleven twelfths. 

I am to divide an apple among three boys, so that Charles and 
George shall have equal portions, and Joseph as much as both tha 
other two. How shall I do this, and what fraction of tbe apple 
will each boy have ? Answer. Divide the apple into four fourths, 
give one fonrth to Charles, one foorth to George, and two fourths 
to Joseph. 

Shew how to apportion a cake among the some three boys, giving 
George double as miich as Charles, and Charles double as much 
as Joseph- 
Prove the correctness of your answer, by ilividing a square in the 
same way as you would the cake. 

NOTATION OF FRACTIONS. 

NUMBKATOB AND DENOMINATOR. 

In writing a fraction we have two things to shew: first, 
the number of parts into which unity is divided, (which 
determines also the name of those parts ;) and second, tbe 
number of those parts in the iraction spoken of. 
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14 NOTATIOK or FBA.CTIONa. 

Therefore, every iiaction has two numbers to express 
it; the denominator or naraer, placed below a horizontal 
Une, and the numerator or numberer, placed aboTe it. 
Six elevenths arc written thus, ^, where the denominator 
11' shews that the unit is supposed to be divided ints 
eleven equal parts, which are therefore named eltventht; 
and the numerator 6' shewa the numher of those elevenths 
in this fraction.* One half is written thus, ^, becau.se the 
unit is divided into Iwo equal parts (halves), and ot>e of 
thoBe halves is apoken of. 

EXEECISE XIV. 

Write in figurei the /oBowing fraetioju. Four fifths, thr«B 
serentha, six eleientbs, Eevea eigfittis, eleven tbirteenths, forLj- 
two gixtj-aeventlis, tbirtj-nine one - hundredths, Qflsen ODe-thou- 
suidtbs, one hund. and eleven nmely-fifths, three bund, aud flf^- 
four eleven -hundredths, nine ODe-millioDth parts, tbirl;>tbrea 
fort; - thonsuidth parts, fifteen hundred tea-thonsBiidib part*, 
siity-flve tBD-hnndred-nod-eigbtr-foartha, twenty-two oiuetiettia. 

In Diagram 2, the seven vertical lines divide the unit 
into eight eighths; and the two horizontal lines divide 
it into three thirds. The vertical and horizontal lines 
together, divide it into twenty-fout twenty-fourths. 

Therefore, tbe part Ab ^^ one DiuinuD 3, 

tventj-foiirtb of the unit A c = 
one twelfth, for there are in the 
anil tvelve pie<ies of that 
But Ac eontsiuB two pieces 
size otAb. Therefore, Ac 
two twenty-fourths of Iha nmt. In 
the same way, it may be seen that 
A« = one eighth, or three twentj- 
fourtlisi aleo,tbatA«= one sixth, 
or two twelfths, or four twentj- 
fonrtba. Agaio, At ^= one fomth, 
or two eighths, or three twelfths, 
or six twenty-fnarthB ; for A ( cnn- 
tkinA iy>o pieces of the size of A >, 
that ifi two eighths ; three pieaes 
of the size of Ac, that is tliroe 
twelfths; six pieces of the sieb of • 

• NoTB TO Te^BEii. The pupil aha 
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EXERCISE XT. 
Expret* in figure! tie /oltmclnff/raetioni oflhtiquare a$ divided I 
<R Diagram 9, namely ; A u, in two waya ; A u, in six yi»ja i A ir, , 
in two wajrn : A x, in rnnr wajs ; A y, in two ways : A a, in four 
wajis; At. in four ways; AI, in three wajsi Am, in iour wnys; 
Alt, in four woys; Ac, in iwo wajaj Ap, in sii waj«; Ar.infonr 
ways! A B C D, in seven wajs. 

Tbe pupil wtU b* ualBled brremarMoc ttiU A( - At; Aiii~ Ali An ^ 
A., A(i = An; Ag= &(. 

NUMERATION OF FRACTIONS. 



In reading off fractions, written in figurea. all that if 
lemembered is tbat the numerator h to be read fi 
liien the denominator. 



EXERCISE XVI. 



K 

^^Thoi tb fiitJovring /ractioni. fj ; H-J ! **♦ 
rr ! imrf I iViV ; iV I tSb i "rsaa • ij-Bra ! 
TUffin; i.W.V. 1..; Hi Ki «i «; HS; 
Hi- 

How many aqnal parte U onity supposed to be divided 
«uh of tbe above rruetionE7 



SIMPLE AND COMPOUND FRACTIONS. 
A Bimple fraction is formed by dividing unity into equal 

rte. and taking a. certain number of them. (See page 12.) 
we take s simple fraction, and divide it, instead of 
dividing unity, we shall obtain a compound fraction. 

A compound /radian ii a fraction of a fraction. i 

Take a square, as be- 
fore, for your unit. Draw 
four veiticaL lines, dividing 
the unit into five fifths. 
Then, lake one fifth as Ai, 
in Diagram 8. and draw 
three horizontal linesacross 
it, dividing it into four 
equal parts ; namely, A.f 
Ey, FA, Ob. Each of 
Iheae, therefore, is the 
oompound fraction J of \. 

Now continue the three horizontal lines, dotted, t\\d\je 
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IG eiMFLB AND COMFOD 

across the unit, which will then be divided into twenty 
equal pails , like A./. K./ la, therefore. -^ of the unit, 
as well as being, as we saw just now, \ of \. 

In the same way it is seen that 

Ag = the compound fraction } of i, and also = the 
simple fraction ^a- 

Ak = the compound fraction J of 5^, and also = the 
simple fraction ^. 

Ao = the compound fraction J- of f, and also ^ the 
simple fraction -^-. 

And hecfluae AH = i of the unit, AK = }, AL 
and each of these fourths b divided into _five equal 
by the four vertical lines ; 

Af := i of J-, and also = J- of i, and also = -^. 

Ai = i of i, „ = } of *, „ = A-- 

An = f of J, „ =5 of i^, 

EXERCISE XTII. 

Exprei! in as many urayi as T/oti caw, bath at idmpU and la 
compound frnetioiu, the foUoicing parts nf the unit as it is divided 
in Diagram 3. Ap; An; Ag ; A*; AI; Ar; Ac; kd; 
At; KJ; Ed; Ug; Bi; Bk; Br; Hd; L/; H; 
Lp. 

Divide h number of units into sevenths, and And the simple 
frttctians which are equal to J of 4^; ^ of f; A" °f ?! "r" of ^J 
lof i; ^of-f; iof f; i of f ; f of *■; -J of f; J-of f; 
foff. 

Decimal Fraotions. Tenths, hundredths, thousandths, 
ten-thousandths, and every fraction whose denominator 
is digit 1 with one or more ciphers between it and the 
decimal point, are called Decimal Fbactioss, or Deci- 

UALS. 

AH other fractions are Vtjlgab or Common Frac- 
tions. The numerator and denominator of a fraction 
are called its terms. 

In writing a vulgar fraction both terms must always be 
eipresaed. 

Decimal fractions may be expressed, either by both 
heir terms as vulgar fractions, or by their numerator 
only, according to the method we now proceed to expl 
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NOTATION OF DFCIMAL FBiCTIONS. 



NOTATION OF DECIMAL FRACTIONS. 

Places of decimals are counted ii-om the deciual 
roiNT towards the righl. In the following line of figures, 
314'506829 the 5 is in first place of decimals, in 
second place of decimals, 6 in third place of decimaU, 8 
in fourth place of decimals, 2 in fifth place of decimals, 
9 in sixth place of decimals. 

And decimal fractions are expressed hy their nume- 
rators only, according to the suhjoined table. 
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18 COKPABIBOIT OF DECIMAL FBACTI0N9. ^^H 

Hence -^g la wntten with numerator only, thus, '5 ^^^M 
T^ thus, '06^^H 

iVU thus,'Oog;^^H 

-rvhrs thus, -OOO^^H 

tWWo- >, ., thus, -OOOOB 

■nrTrSiviTB „ .. thus, -000007 

■ft and tStt = '35 ^^ 

A. T*5, and tSs = '469 ^H 

rhi and ttiSw = -0608 ^H 

■n'sTT, TT!H«, and iflaSaao . . . . = -003407 ^H 
A, T^^, -r5*wtr. and TTTrr^nnra = -8030408 ^H 

A, Wb-TT, and TwU^ =- -101001 ^H 

Ttcr, To*«ir. and twSow . . - . = '040404 ^| 
At, tU, lAir, and -nrgisr . . . . = -8333 
iV. Too, tbW. and inim r .... = -1111 

tU and iwirSnnnr = -07000007 

These examples shew that the number of decimal placcB 
employed to express a decimal fraction hy ila numerator 
only, is the same as the numbei of ciphers in its de- 
nominator. 

Hundredtlia have two ciphers in the danominator, and two placet 
of decmials. Thoaaaodths h&ve three ciphers in denomiaatfa-, and 
three places of decimalB. Millionths have six ciphers in denomiua- 
tor, and therefore miUiontha are mitten In sixlli place of deoiraiala. 
-08 represents T-gci hot if lie cipher he remoyed the digit 8 will 
then stand in the first instead uf the second place of decitnals, and 
irill, therefore, then represent ft instead of -j^J-j- as it does now. 
Bnt any number of ciphers on the right of the 8 will make no 
change in its yalue. -08000000 is the same aa 08, bacauHe in bolh 
expressions the B oocnpies the second place of decimaia, and eon- 
eeqaently in both it represents the same decimal fracdoo; namely. 

In decimals tkfn, as well as in integers, the cipher ii only 
of service when il glands heticeen a aignijicanl figwrt atwl 
the decimal point. See Principle U. page 3. 

COMPARISON OF DECIMAL FRACTIONS. 
Take a unit (square or line) of large siae. Divide it 
into ten tenths. Divide one of the tenths into ten eqiwl;^ 

i I 



COMPABISON OF DECIMAL FBACTIONS. 19 

parts. Each of these new parts is ^ of tV» and is equal 
to xiir of the unit, for as ten of them can be procured 
from each tenth, one hundred of them can be made from 
the whole unit. Divide one of these hundredths into ten 
equal parts. Each of these is ^ of ttJitj or ttjW. of the 
unit. By continuing, in this way, to, divide each new 
fraction into its tenths, the truth of the following tables 
may be proved. 

, TABLE I. 
FOR COMPARISON OF DECIMAL FRAtJTIOKS. 

-^ =iWr or^^^Un or i^^jW^.* &c. 

T*Tr = T^ or T^VijW - or T^fiU 

Totnr = T^osn or i ^V^o o or T7"^bV,?6 6 

id.oo* == 1 6 0,0 d or 1; otk^fooo or io;i%%5W<^ 

1 6^d d = 1 ; o 0,6 6 6 Or I0;i'#,?,6do Or i o o fSSS. lSTTU 
1 ; 6 0^,6 6 d = 1ft; 0o%,6d6 Or lft6; 0%%,ft67y Or 1,6 ft o^Vo^6,6 ft d 

TABLE n. 

= tV of T^ ; and AV = iV 

= tV of -rhf ; and T;VJr5 = tJit 

= tV of T^ijvft ; and to^ood = tjo^i^ 

= "At of 16,0 ft ft 9 and loi.^oo = t^ito 

rsVroisTr = iV of Toft^,oftTj > and i;ft<f^,oft7y = i6oSft"ft 

rft; ft j'ft.ftft 'g= iV of 1; OOo.ftftft > O' Ift; 0%,ftftft = 1; ft 0,0 ft O 




Arithmetical Symbols. The arithmetical symbol for 
the word "because" is •.* and the sign for the word 
"therefore" is .*. In future we shall employ these 
signs. 

••• i¥o- = iV, T%V = A, tWt = A; and •.• -M- = ^^ 
and Thrl •'• AV == A and rfrs-; •'• t%V will be written 
without its denominator, thus, *34. See examples of nota- 
tion of decimal fractions on page IB. 

* Note to Teacher. The actaal division of the unit, whether square or line, 
will he possible only to a very limited extent; hundredths, or at most thou- 
sandUis, being probably the smallest fractions that will be thus found. But 
what must be secured is the pupil's perfect comprehension of the relation of 
the successive decimal fractions; and this may be tested by requiring him to 
carry out each line of Table I. a few steps further, and to continue either of 
the Tables one or two lines further down, or to reverse the left-hand half of 
Table U. This latter Table will shortly be employed to expound the law of 
" oairying." 
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DECIMAL fBAOTIONS. 

Again, ■.■TiA^ = -,>„.A'yt=A-; 8nd'.',VA = 
and rSKn and Tift.Tr, .-. AVi = A and tSt and tAt; ■•■ 
iVo^o will be written, without denominator, thus, -973. 
See page 18. 

Also, -^Ut = rV!^^ and -rf^ and ^^;S^ and tbV^; 
■■■ iVif^ = iV and -rJir and to^o and lo^^an ; ■'■ AV'a 
IB written thus: -8439; and Tf^^f^hr thus: -314158; 
and T oV'n o *'"^* - "00843 ; and Kere it is to be noticed 
that the two ciphers, wliich are added to bring the S 
into its proper place, make up with the three significant 
figures, the same number of decimal places as there are 
ciphers in the denominator of the fraction. See page 18- 

EXERCISE XVin. 

Expmi inJiguTei, vithout dejiominalora, the folloining decimal 
fraeiiom. Fourlenllis; ftveoDa-hnndredlbB; six (Hie-thDUEjandtbs; 
ESveii ten-thousand til a; eigbt one-millioDthsj nine ten-mill iontha; 
three one-hnndred-millionlliB; eight oua-thnQsand-millionthB; 
Mreuty-four one-hnndredths; sixteen one-thousandths; three hnn- 
dced und ninet; -four one- thousandths; sevcntueti ten-thousandths ; 
fi-ve hiindri>d and forty- three ten-thoaeandihs ; two thousand, tvo 
hundred and flfteen tan-thousandths; thirty-fauroiie-hundred-thon- 
eandths; seven hundred and nineteen one-hundred- thouaandtha; 
one thoosuid and live one-hnndivd-thaii3tuidths; nioetj-thne 
thooaand and twelve one-hUDdred-thousandths; ninety-seven thou- 
sand and sixteen oiie-hundred-thansaudth parts ; fourteoo one- 
millionth parts; soveu hundred and six one-milliontli parlH; six 
thouiand and forty-seven oue-nullionthB: tliitty-nhie thousand fight 
hundred and fifteen one-millionth s ; four hundred and eighteen 
thouHand eiifht hundred and seventy-six ane-milKonth port? ; forty 
nine ten -millionth parts; six hundred and fourteen ten-miUiontb 
parts; nine tbunsaad thre^ hundred and five ten-millionth porta; 
for^-lhree choasand two hundred and tnenlj-four len-mUlionth 
parts; eight hundred and sevenly-nine thousand four hundred and 
eleven ten-millionth ports; four raillion nine hundred and fourte^i 
thousand three hundred and twenty-seven ten-millionth parts. 

Bestore denominatorH to the above demmal fradtioos. 

WHU annetTt to the follavting qitettions. When a dedmal frao- 
tion is written vidiout ita deninninator, what decides the number of 

■ places b) he employed7 If there he not in the numerator sigaifi- 
oant flgures enough to fill these places, where are ciphers added? 
On which side of digits in decimal places are ciphers useleasT 
Why are they UFeless there? What is the principle on which 
oiphers are used, both in integers and decimals? How many 
tenths make a unit? How man; ten- thousandths make a telitb? 
How many Dne-hniidred-thouFiandths make one one-bnndredth f 
Make the arithmetical signs fbt 'because,' and 'therBfore-' What 
is meant hy the 'terms' of n Iraclion? Which of thei^e naM 

^be written for a vulgar ft'iutiun ? Which for a decimal fraotioalll^^^H 
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: ITOMERATION OF DECIMAL FRACTIONS. 
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In reading off decimal fractions their 
should always be named, whether written or not. 
Etefy decimal /raction may bt read in Iwo waye. 

1 . The value of each significant figure iti the 
tor may be named separately. 

2. The whole of the digits in the numerator may be I 
read in the name of the right haud one. 

Thus : '8432 may be read either Beparalely, as t%, tS^. 
tAt, and T^Jinj ; or, ■8432 may he read collectively, as 
j-thousandths, iVoVs. * 



23 DIVISION OP AN INTEGEE. 

The latter method is the best, and therefore should 1 
commonly employed, but the former is sometimes i 
quired.* 

EXERCISE XIX. 

Read, or ariU in uoria, Jint taking the digit! teparattly I 
then coUeelively, each of the foUoicing decimal fraclioni : 



■iin 


ooafii 


■7B 


■87fi 


■ooios 


75401 


■nas 


■8196 


'Oisoei 


esooG 


■125 


■OODSB 


■8tli3 


09040S07 


■37S 


■18315678 


■OS 

J. the ,y.n,,. <^ 


oiaiiiaoi 


-1354 


■90UeOOB(J9 
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Write the above with thair denorainstora rentored. 
Read, or aritr, in cords, in the lame numrxr, the foUowing M 
im, comitting of integers and dtcimalt : 

31-149 84;jl'5(tOS a4D34'314 6347-84M 

IBOfi^aa iaoOi-34126 741Cl)n8 aW-3B18 

947-3418 17'6a01 S1368-08CI8 64-8431 

DIVISION OE PARTITIOK OF AN nTTEGEIt. \ 

The division of a unit is the cutting of it into 
parts, as explained on page 12. 

The division of an iateger, or number of units, 
distribution of it into equal lots of units.f 

Halves of an Integer. Take two equal strips of papi 
or other convenient units, and place them before you at 
little distance from each other. The two units 
distributed into two equal portions. Each of these portions 
is one half of the two units, and consists of one uni 
.■, One half of two i= one anit.\ 

Take other two similar units. Put one of them 
, each of the former. Here are now two twos, or fc 
divided into two equal lots, each containing two units. 
.■. One half of two twoa = tuio umls. 

Dispose Btmilarly of a third two, and a fourth two, 
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fonn-lvo." The Lrne ctau-atUr or the deolmn] ^otian is adsBtiitiUi kept tar 
fore ths popil's mind bjsDi>p];liigiudenomiDMtiiriareullnglt. 

Biantu^ TDlss. 
I The pupil tnait sltnis atd In ironlB eieiy BiUlbmetiiMl sifDitiDl he i 
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^ £fth tivo, and so on until jou have divided Leu twoa. 
And as you proceed, you will remark that 

i of three twos = 3- 1 of seven twoB = 7. 

I of four twos ^4- 1 .of eight twos ^ 8" 

I of five twos =5- 4 of nine twos = 9- 

J of six twos ^6- 3 of len twoa = lO" 

So that ihe half of an integer is found by distributing it 
into two equal lots of units. And this ia done by separat* 
ing every two of its units into two portions of one unit 
each, and tlieti collecting those units into two separate 
lots. 

PaiNciPLE in. TArre are an many unila in the half 
of a number as there are twoa in the whole of iV. 

If. after distributing, as above ilirecti-d, all the tnos iliat eaa be 
got from D number, a single nnit should remain, that onil must be 
ihvided Into two hslven, (page 13,1 anil one of these halves muat 
be put with each of the two equal lots of units. 

Thus, to fled the half of eleven, which consists of five tnos and 

I^TBt. Diatnbnte the five twos into two lots of 5> each. 

Second. Pot with each of these lots one half of remaimng unit. 
.-. i of 11- = 61- 

This result quite agrees with Prinniple III. Tor II- consists 
of five twos and onennit; that is, of Awe twos and the half of two. 
And the half of eleven consists of five uuits and Ihe half at a unit. 
Therefore, there are as manj' miits in the half of 1 1- as (here are 
twos in the whole of it. 

Thirds of aa Integer. The third of an integer ia found 
by distributing all its threes into three equal lots of units, 
and putting with each of those lots ^ of each unit remain- 
ing after all the threes are divided. 

FonrtliB, Fifths, Sixths, Ac., of an Integer. 

The fourth part of an integer is found by distributing 
its units into /our equal lots, of units and fourths. 

The ^Jih part of an integer is found by distributing its 
units into _five equal lots, of units and fifths. 

The iixlh part of an integer is found by distiibuting its 
units into six equal lots, of units and sixths. 

The seventh part of an integer is found by distributing 
its units into seven equal lots, of units and sevenths. 

And so on with other parffl of an integer. The name of the 
part indicates how wanj of the units shall be distributed at once ; 
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• NoiE TO Ti-icHBB. TliH doDimiliMjintlB EOtreqiiiredwhon tha QoitB l 

^^a MIoHsi bT s 'ulE» fracllan. ^^m 



for, la obtain ihe third of an integeF, n 
time ; to obtain its Bflh, we take its iinil 
the tentli, ne lake tbe imita ten At a '.inie. 

The name of Che parts mCo which the iotegec is to be divided 
determiDea also the fractians into which each of the remaiuiDg 

ExTEKSiON OF Pbinciple III. There are as many waits 
in the third of a number as there are threes in the whole of 
it; as many units in the fourth as fours in the whole ; as 
many units in the tenth as tens in the whole ; ^'c. j-e. 

Concrete and Abstract NomberB. A cumber nbicb 
expresses one particular kind of unit ia a concrete or 
applicate number. 

A number whiob expresses no particular kind of unit 
is an abstract number. 

Thns, 2i- is an ebstract Dumber, beoanse do particular kind of 
unit ia expressed by it; it represents 31- of any or every sort of 
unit. But 'ii- shiUinga, or 2i- juiAs, or Si- ponnda ia an applioBte 
or a concrete number, becaose the Hi- is applied to the Eipresaion 
of 24- units of a stated kind; namely, shillings, or yards, or pouoda. 
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QUESTIONS, 



1 EXAMPLE! 
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[■ What is meant by the division of a unit? 

!' What does the division or partitinn of un intege 

I- How ia the half of il unit found" 

I- How is the half of an inlegerprocured? 

r tlow many units in the half of an integer? 

I' What is the half of nineteen twos? 

r- What is the half of «■ of U- of 7- of 14- of 16- of SO" of SS-j 

i- How is the third of an integer fonnd ? 

1- What ia the namber of units in the tliipd of an 

)■ Whatisthethirdof ninethrees? , 

.' How many units and thirds of a nnit in one third of T' al< 

of 10' of 13- of 14- of la- of ao- of 23' of 36-' 
1- What is the third of two units? 

I- What is the third of 0" of 4- of B- of 0- of 11- of 13- of 
I- Find the fourth of 13- of 16- of 15' of IB- of 19- of 31- 
'•■ What is the fifth of ?■ of fl- of 10- of 14' of 16- of 30-? 
I- What ia the sixth of 9- of 10' of 11- of 13' of 14- of 17- of I 
'■ Find -}■ of IS- i of 14- i of 18- -jV of 00' + of 26- i of 37.' 

Find i of 36- i of 97- i of 33- i of 6- J of T- -j- of 10- 
I- By Principle III. How many nnita are there in one tenth of a 

number? 
I- If I distribute Ihe units of a number into nine equal lota, what 

part of the integer is each of those lots ? 
I* What number of units will there be in each of those lolsT 
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THE FBINCIFLE OF DECIMAL NOTATION. 25 

21' In dividing an integer, what is it decides how many eqnal lots 

the units shall be ^stributed into? 
22* What else is decided by the same thing ? 
23* How many units are distributed at a time in finding the twelfth 

of an integer? 
24* If I take the units of an integer nine at a time, and distribute 

each nine into units, what part of the integer shall I find? 

SXAMFLES IN CONCSETE OB AFFLICATE NT7MBEB8. 

25* What is one half of 10* pence, of 9* pence, of 5* pence, of 11* 

pence ? 
26* What is i of 6* pounds of beef? What is J of 7* yards of 

carpet? 
27' If 14' pounds of sugar were divided into three equal parts, how 

much sugar would be in each lot? 
38* live sticks of equal length will reach, end to end, seven feet ; 

how long is each stick? 
29* Find i of 8* ounces; ^ of 9* gallons; ^ of 10* minutes. 

80* Find tSr of 14' pounds ; i of 11* shillings ; tV of 29* sheets 

of paper. 
31* Share 5* apples of equal size equally among 8* boys. 
32* Fourteen poimds of cherries are to be divided equally among 

3' boys : what weight for each ? 
33* Nineteen hundred-weights of soap are packed in 7* equal-sized 

boxes: how much in each box? 



THE PBINCIPLE OF DECTDflLAJL NOTATION. 

Because, by Principle III., there are as many units in 
one tenth of a number as there are tens in the whole of 
it, then 

*.* there is one ten in 10* .*. 1* is ^ of 10* 

*.* there are ten tens in 100* .*. 10* is ^ of 100* 

*.* there are a hundred tens in 1,000* .•. 100* is ^ of 1,000* 

*/ there are a thousand tens in 10,000* .*. 1,000- is ^ of 10,000* 

*.* there are ten thousand tens in 100,000* .*. 10,000- is ^ of 100,000- 

And Table II. for comparison of decimal fractions, 
page 19, shews that 

•001=iof -01 

•oooi = iiof -oei 

&c. &c. &c. 

Hence, in a line consisting of digit 1 repeated in ad- 
joining places of integers and decimals, as 

1111111*111111 
each digit has one-tenth of the value of its left-hand neigh- 
bour, and tenfold the value of its right-hand neighbour. 

D 



•l=ifeofl* 
•01=ifeof -1 



*00001=^of *0001 
*000001==ftof -00001 



26 KLKKEMTA.BT FBOCEBSES OF ^BTTHUETIC. 

This IB trne also of each of the following lines, wrf 
as well as the former line, ma]' be extended to aay num- 
ber of places in either direction. 

2222-22 &c. I 4444-44 &c. I 6666-66 &c. I 8888-88 tc. 
3333-33 &c. I 5fi55-55 8tc. | 7777-77 &c. | 9999-99 &c. 
For, a- = ill ot a(J- 30- = ft of 20O- aOO- = fe of aOOO- and so on. 

And, -3 = fe of a- -oa = ^ of -a -ooa = fe of -oa 

Also, a- = tenfold -a -a = tenfold -02 -oa = tenfold -003 
And, 30- = tenfold 2- BOO- = tenfold 20- aoOO- leutold 300- " 

The other linos maj be proved in the same way. 
Ten, therefore, may be called the goveniinE number of 
our method of arithinetical notation, which, for this rea- 
son, is called the Decimal System of Notation. The word 
"decimal" is derived from the Latin word " decern," len. 

Pkihciple IV. In the decimal system of ariihmetioal 
notation, each digit has one tenth of the vakie it would hate 
in the next place to the left, and tenfold the value it wotdd 
have in the next place to the right. 

From this principle we derive the two rules for carry, 
ing, the oae of which rules wilt be shewn hereafter. 

First rule for carrying. In decimal arithmetic, every 
ten of any place may be carried as one to the next place 
to the left. 

Beoond rule fbr oarrying. In decimal arithmetic, eTcry 
one of any place may be carried as ten to the next place 
to the right. 

Decimal Aiitlimetic is not the Arithoietic of Decimal Fmotions 
only, tut also that of Inlegera, when tbej are eipressed by the 
Decimal Sysleai of Notation. 



ELEUENTART PEOCESSES OF ARTTHUETIC. 

Numbers can be changed in only two ways. They can 
be increased, and they can be diminished. 

The increasing of a number, by adding or joining one 
or more other nurabers to it, is called Addition. 

When equal numbers are added together, that kind of 
addition is called Multiplication. 

The diminishing of a number, by taking a smaller num- 
ber out of it, is called Subtraction, 

The distribution of a number into its parts is called 
Division. 



AJ>DITION. 
Addition 13 the uniting of two c 



e numbera into 



Multiplication is the addition or repetition of equal 

Snbtractioa is the taking of a smaller number out of a 
larger one. 
Siviiion is the distribution of a number into ita parts. 



^Addition 18 the increasing of a number by nniting one 

JT more other numbers whh it, 
Aritiimetioal Symbol The sign of addition is a croia, 
le Tertical and the other 
r in the middle, thus : + ; 
which is the Latin word 



3 equal lit 
horizontal, intersecting each oths 
it is called, in reading, " plus," 
for " more." 

Thua, Che eipreasion 6--\-2-+ 1 



B added together, oi 



fioOL The sum of nambert it found by adding them 



EXERCISE XXL 



]■ * 6-i 

1-4 H-J 
7- St 6i 



UENTAI.Ly. 



13' What are &■ - 
!■ What ai 
I- What ai 
•• What Bi 



20' Whftt MB 20' - 



11-- 



n nl 3- Sc 9- & B- & 7- * 8' 

of S- li 13' & 13- Jt 6' i& 14- 

of 8- £ lU' & ID- A 10- <fe 10- 

of 14' k U- & 10' & 6- & 2- 

of al- & 10' A fi- 4 10- A 7- 

of 1- & B- ± 4' i 3- A fl- 

of 18' it 4-4 0- ii 10- le aa- 



n of fl' & J of 18- • 

ofioCxa-iiofia-iiaoDfi-orie' 

orjofBic&iofai- „ „ }of3i- 

of f of ai- & i of aa- „ „ Jofia' 

of t of 15- Jl i of 10- „ „ i of 32' 

of i of 9- &i of la- „ „ i of 25' 
ofjof 8- ifciotlS' „ 



i'Jtjliof so- 
.■ A i of 10- 
!■ * i of 10- 
!■ i i of 37- 

I' ife ^ of a- 

!■ * J of 16' 
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EXAMPLES IN CONCKETB NOMBEKS. 
3S- Add H' apples, 3' apples, 7- apples, and 13* apples. 
39' Add 13' peoce, 1 1' poDoe, 6' psnce, and 2' pence. 
87' Add i of 8- pence, i of 18' pence, and ^V of 13' pence. 
88- Heni; bad 10' shillings, Amelia had half as laanh as H< .,, 

and Julia had 3- iihillings more than Ataelia; how mnob 

had &U three' 
30- The tail of Tom's kite was 30- feet long, the kite was ^ of the 

length of the tail, and the string wan 110- feel long; trhtt 

WHS the length of kite, Ijul, and string together? 
40' What is the joint weight of 7- pounds of coffee, 4' pounds of 

tea, Q' pounds of cheese, 3- pounds of ciuTEuits, and 8' poaudt 



of a( 



P' 



jl' Little Mniy's market-bosket weighs S- pouodswhen empty, what 
weight bad she to earn' when herbasket contained n- pounds 
of mutton, 0- poundB of flour, 2' pounds of treacie in a jug 
weighing 1- poanil, and half a six-pound Dutch cheese? 

ADDIIION OF KtrUBEBS TOO T.tit nrj TO BE ADDKD 
MENTALLY. 

First. Arrange the numbers carefully in a vertical 
column, so tliat the decimal point in each line shall stand 
directly under the decimal point in the line above ; units 
being under units, tens under tens, hundreds under hun- 
dreds, tenths under tenths, hundredths under hundredths, 
&c. Draw a horizontal line under the column of num- 
bers, and place a detnmal point below it, in a line with 
those above it. 

SeEond. Find the nun of the digits in the right-hand 
place. 

Third. Carry one for every ten of this sum to the nest 
place to the left. Set down the rest of the sum under 

Fourth. Proceed to the next place to the left. Add 
its digits and the number carried. Carry to the left, one 
for every ten, and set down the rest. 

• NOTR TOTBii;ilER. Tho ptipiL ia Huppoaoa to Slid tllBBB ft 

Integers bi frinf with itrokea, or pau, Drothsc uuits. 
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F%f(h. Work every column similarly. What is carried 
from the last column must be set on the left of the ram.* 

Example wobked out. Integebs only. Find the 
sum of 86143' 9459' 674* and 74298- 

These numbers, when arranged, stand thus : 

86143' 

9459- 

674- 

74298- 



Then, som of right-hand column = (8-{-4-{-9-{-d) units ; 
= 24 nnits, = 2 tens and 4 units. 
Stt down 4 (uniti) and carry 2 (tens) to ten^ column. 

Sum of tens' column with 2 tens carried = (2-{-9-4-7-4-5-4-4) 

tens; 
= 27 tens, = 2 hundreds and 7 tens. 
Set down 7 (tensj and carry 2 (hundreds) to hundreds* 

column. 

Sum of hundreds' column with 2 hundreds carried = 

(2-1-2 + 5 + 4+1) hundreds; 
= 14 hundreds, =^ 1 thousand and 4 hundreds. 
Set down 4 (hwndreds) and carry 1 (thousand) to thousands' 

column. 

Sum of thousands* column with 1 thousand carried = 
(1 + 4+9 + 6) thousands ; 

= 20 thousands, = 2 ten-thousands. 

Set down (thousands) and carry 2 (ten-thousands) to ten- 
thousands' column. 

Sum of ten-thousands' column with 2 (ten-thousands) carried 
= (2 + 7 + 8) ten-thousands; 

= 17 ten-thousands, = 1 hundred-thousand and 7 ten- 
thousands. 

Set down 7 (ten-thxmsands) and carry 1 (hundred-thousand) 
to hundred-thousands* column. 

As there are no digits in hundred-thousands' place to be added. 
Set down 1 in hundred-thousands' place. 



* Note to Teaches. The word "sum'* should nerer be employed in any 
other than this its tme sense. A slovenly practice exists of designating as 

sums " arithmetical operations of every kind. We hear of " sums in addi- 
tion," "sums in division," and even oi ** tubtraction sums"! This practice 
should be abandoned, and instead of the loose phrase, " doing a snm," the 
pupil should be trained to use the correct expression, *' working an example." 
Nomenclatnre famishes potent aid in the pnrsait of any science, bat to do so 
it mast be both clearly understood and accurately applied. 



u 
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The example is aow completed, and stands thue 
86148- 



.«/(A., 



EXERCISE XXn. 

Examples foe Practice, Iniegees osly ; it 
hers being alreadif arranged. 
Find the saia of each of Iht followijiii lelt of ntimbeTM, 



3U- 


eiaai- 




34380- 


341096- 


80ai- 


M79- 




60488- 


BB346S- 


3JO0- 


uz- 




74Sue- 


741084- 


8-ia- 


ixtna- 




3.''i743- 


38S8S2' 












• the 




&0. 




= -1eb. 




























E»,8- 




aHBIi'i- 


471305- 


a4ie6s 


43iesia 


3l480e- 


78013- 


084216- 


8S3i64 


843064 


47054- 


4aJ3S- 


U43S73- 


6437 


aiea 


6fle- 


ftlMDl- 


6H4yiB- 


U43016 


T1388 


3488- 


3UT33- 


843BSa- 


96 


o&a 


450O68- 












Ei. 10- 


Ei. 11- 


Ei. la- 


Ex. 13' 


Ex.14- 


41844389- 


B4«806- 


4318fl- 


89fllSi- 


714834518- 


6W 


eeaia- 


46386- 


0984- 


3349364- 


137fl4a- 


!)4fi3ie- 


1051)1)97- 


7iaOB- 


6gfl4a63e' 


411>il- 


1385- 


24334- 


aflfls- 


130730S- 


181)- 


27- 


S47n834- 


543814083- 


68316- 



Method of Proo£ After working an example in addi- 
tion of Integera, the accuracy of the work may be tesled 
by taking these two steps. 

Fint. Omit one of the numbers, and find the sum of 
the others. 

Second. Add this last'found sum to the number omitted. 
The number thus found ia evidently the sum of all the 
numbers, and should be the same aa that found by the 
first addition. 
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The number omitted in proving is usually the top one, which is 
then separated from the others by a horizontal line drawn under it. 

Thus working and proving Ex. 15' we first add 
all six numbers, and find their sum = 2; 525,880* 

Then, cutting off top number, we find the sum 
of the lower five numbers = 2; 211,005' 

Then, adding this number and the top one, we 
find their sum = 2; 525,880* 

This is again the sum of all six numbers ; and, 
agreeing with the sum previously found, proves 
the work correct. 



Ex. 15' arranged, 
worked & proved. 

314825' 

469764' 

936495- 

83957- 

9421' 

721368* 



2525830* = sum of all six numbers. 

22 1 1 005 * =s sum of lower Jive numbers, top ofie being omitted. 

2525830* == sum of all six numbers. Proof, 

Work and prove the following examples, describing each of the 
three Unes, found in the cowse of the work, 

Ex. 16- Ex. 17- Ex. 18- Ex. 19- Ex. 20. 

814236- 341084- 6148326* 314659* 741638* 

964598- 74365* 489654* 821868* 215496* 

23165* 309* 1630- 754983* 653843- 

8614- 25416* 74868* 64215* 461587* 

164358* 413973* 604- 89541* 708846* 

946- 6410* 54?'691- 1 16487* 9135* 

43684- 842154- 24306* 8954- 22* 



Ex. 21- 


Ex. 22" 


Ex.23- 


Ex. 24- 


Ex.25- 


8148629- 


54016348- 


8416- 


341- 


7148068 


6964357- 


6943520- 


93- 


8464- 


956184 


6419803* 


4586* 


29- 


97105- 


98429 


7206415* 


13406582* 


114- 


641564- 


6278 


948* 


691887* 


6008- 


3950418- 


81369' 


69008* 


40653- 


41596- 


95635- 


532084 


57- 


986* 


8216935- 


7412- 


8216958 



EXERCISE XXni. 

Examples eob Pbactice, in which the numbers are 
to be arranged by the pupil, 
1* What are 641584- + 846* + 30016? 4- 16* 4- lS05064r -V^^* ~ ^ 



ASDIIIOH' OF IHTEOESS. 

What are 1350131- + 64-+ 301- +43 1B15-+8841B'4-36B 
What are T04' + 84318S-+ 3148- + 81- + 3fi01- + HOl^ 
WbBt is the snm of 613- 8436- 01403- and 841- =" ' 
Add together 1141S- 346431- IS- 3C4- and 13- 
Hoir man; will 841- 993- 1643- and 96- amount U 



rmdth 






I 



100013- 
Add together 30146- 18462- 30604- S1462- and 3184- 
Find tiio aam of 4:J714- 84317- 60406- 71436- and 483- 
What number Till 4^013- 31498' 54038' and 3014- make? 
What are 314a3a4- + B431fl- + 19318-4-74174- + 806080- = ? 
What am 7B41UB- + 15437- -|- BiS53- + 591- + 6164- = ? 

EXERCISE XXIV. 

KxAMFLES FoK PsAOTiCE, m which hoth the itotaliim 
and the arrangement are to be performed by the pupil. 

l- Add together: twentj-nine; sis hundivil mid forlj-two; four 
thousand, &vb hundred and twelve; eight huintred and Biiteen; 
nineteen thousand luid sixty; fifteen thousand und &ft;-three; and 
fifteen hundred. 

a- Add togetiuT: twel»o hundred and sirty-one; ten hnndred 
and sixty-six ; tventjthausand, four hundred and flftaen; nineteen 
millions, nineteen thousand and nineteen ; twenty-two millions, 
eighteen hundieil and eleven; and siity-tTO hundred and twen^- 

3- Add together : three hnndrBd and forty millions ; aii hnsdred 
and twenty-nine milliuna, eight hundred and thirty-nine tboosuid, 
tour hundred and one l two tbtmaand and twenty-two ; twenty mil- 
lioDS, eight hundred and sixteen ; forty-five millians, fifty-four 
thousand and fifty-four; and thirty-two thousand, nine hundred 
and tweoty-one. 

4- Whatii the iHmnf: fifteen bandrad millions, siiteen hundred 
thouBimd and twelve; forty-four millions, nine bnndrad and twelv* 
thousand, tliree hundred and four ; thirteen hundred and thirteen i 
twenty-nine thousand and fifteen; and six hundred and forty mil- 
lions, nine hundred and five? 

5- Sow many vitl: thirty-three millions, seven hundred and 
ninety-two thousand, six hundred and forty-five; eleven nullione, 
nine hundred and eleven thousanil and twenty-five ; sixteen tbon- 
sand and sixty ; thirty-two; andone thouaand and fifty; makef 

0- Find the ^m of: twelve; ninety tboosand, four hundred 
and six; eight tboosand and fifteen; nine; and aix hundred 
and twenlj-tfiree. 

7' What number do the foUouiing amount to : four thousand, 
three hundred and ninety-five; Ibirty-nine; five millions, fifty 
thousand and sixteen: four bandred and twenty-eight; ninety- 
four thousand, tbiee hundred and forty-five; and one hundrei) 
and eighteen? 

B- Find the turn of: nine htinilred and forlj-ibree; twenty-ono 
thousand, four hundred and thirty-six; nmeteen; three thon- 
sand, five hundred and seventy-five; nine hundred and thirty-two; 
nineQ-five; and one million, nine hondred and foity-six th OM- 
eand, six bandred and three. ""^^ 



J 



[ or DECiMAi, raACTioNi 



AdditiaiL of Deoimal Fraetionj. 

^ Decimals aie added in precisely the same way as Inte- 
Bul, after arranging the numbers, drawing the 
}ntal line, and placing under it the decimal puint, one 
other preparatory step must be taken. It ia this: Writs 
below the line a cipher under each decimal place.* 




Sum of right-band column, = IT tbousandtha; 

= 1 hundredth aud 7 thousandths. 

Bet doitm 7 flhoiuandthij instead of the i^pher, 

and carry 1 (bundTedth), 
Sum of hundredths' column, with 1 hundredth 

oarried, = 33 bundivdthB: 
= 'i Mnths and 3 hundredths. 
Set down 3 (hwidredthij instead of the dpher, 

Ofiii carry 3 (tsnttitj. 
Sum of the tantha' colonu), trith 3 tenths mnied, 

= W tenths ; 
= 3- and tenths. 
Let the eipher remain in tenths plaet, and 

mples, 



■ Hetbod of Proof, the same as in Addition of Integers. 



■^ EXERCISE XXV. 

Find the mm of each of the fallowing tete of mrnbeT*, and proet 
the work ; deicribing (at in Exerciee ixii., Example IB'J each of ! 
ike Ihret Itnei found in the coune of the proeeti. 

* NoiB TD TsiDiiEB. Thls llllle deilaelB BdapUd tb>l euhfignre of the 

lilacs of rieulmalB nntll thsDBil-faiuid figore wsm ioterposfd; and heiios, no 
oaa of liiam wankl be u-oe ontll the unlta* plaDB »ere ailed. For, bObc udd- 
n,llieBTIlc:iUntwoold»l.nd|- 

ihehnn" "'.. ',____ ". *" 
hvndrvtl^ , ilKltad qf three 

gtafanulaa of ibia lilOe »,._, 

•muiilinKiifiil ptooen, iha leaoli of 
InleUigibl; and UBDrBtnly 
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SJS'ISS 


74-631 


3145-85 


7 1493' IB 


ie43-aonft 


25'I)(I01 


■96 


S37-42I 


43^59B& 


fl&418 


45lfl-3B 


3428-008 


45-504 


DH9-S59 


Otl3^4 


a*8'!H937 


M7-947 


8966-1130 


7^e4sa 


e4^53 




















JUSS'dU 


fllS4-832 


349^4I0 


ei9B^B46 


914U6-384 


347-61(107 


4S-S106 


658-83 


&U54'61 


ea74-64& 


1103 Q'SD 


■(UB 


4937-4 


Hei)'S5 


■043 


540-S3 


4ie-9S 


94509-5014 


3435^0O4 


■oBee 


iw-auiB 


32- 


7010-0008 


7ee^e5 


ie4-9S 


43B1-K54 


19B4- 


B5-15 


aoan^493 


■530 






















■41083 


■MAS 


4i^se8 


4G1-38 


3148-65 


■054 


■ao4 


■84'2 


■4Sfl 


24-gn 


■«!)38 


-suae 


■01 


48-245 


463518 


■&4fl 


■a4as 


■fi4a 


146-95 


■084 


■(Iil4 


■Ul)48 


■aa 


37-843 


-354fl 


■OdlS 


■436 


4G0'7 


549-3fi 


-4158 



EXERCISE XXVI. ^H 

NOTATION AND AJIDIIION, INTEOEKB AND DSOIStA^^f 

!■ Fitid the iwn of : Tliirt;-iiiae,anil tventy-fotirone-huiidTedthB; 
sii hundred and twonty-four, fisa tanthp, stveu one-hundredtlig, 
aDil three teD-tbousandths; oine hundred uid twelve, seven cme- 
hnudredths, and Dine one-millioDtha ; and twenty-four Ihousand 
aud BJi, fourteen one-thoasaiiiitbs, and eight teD-thausaudtbs. 
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fcfS- finrf tft« nim of: Forty-two miiliona, eight hundred and fifty 

thonsBiid, six hundred and three, nine teuthe, fonr one-bandredtba, 
nine ooe-thouBUidths, eight tea-thoaBaDdths, and two one-mil- 
lionth^; siitj-fonr, and twelve oiie-hundredtlis ; one hundred 
and nineteen, «gbl rniB-hiiDdredths, and four ona-tbotuandtht ; 
twenty-tito hundreds and twenty-two, nine lanths, and six one- 
hmidred- thoasaodths ; and dity-three, and Heiun ODe-lbouBandlhs. 
8' Addtogelher! tLineen millinna, ninety-nine tbnuBBnd,aiileen 
hmtdred Hnd fnar, and twenty-niae one-bun dredths ; twenty-three 
tlioiuiand, seven huDdred and eleveni and four linndred and twen^- 
tive tea-thousaudths; eighty-foac milliane, seventeen IhonxHid, 
five tenths, nine one-hundredthe, and six ona-millioDtbe: and 
eighteen hundred nnd aii, and sereu thousand, aii hundred and 
twenty-five hundted-lhoiiaandlhi. 

4- Wkatnunbtrwili the foUoiping amount to : sixteen thoneuid, 
sixteen hundred and sixteen, sixteen one -hundredths, and eight 
ooe-lfaonsandtha; uincly-four millions and nineteen, seven one- 
hundredlbs and nine ten thousandths; four hundred and twenty- 
two thousand and &tlj, eleven one-bun dredths, three one-tboa- 
sandthR. mid eIx teo-tJioaBandlLs ; fifteen, and two hundred and 
fourteen one-thousaudthx ; three ban dred and nineteen thousand 
and twelve, and fi.ve tenths; and two thousand, one hundred and 

5- Fi'nd the lum of the foUoicing number* .- two thousand, one 
hundred and forty-six, and three hundred and eighty-nine one- 
thousandths; two hundred and foiu^en, and six thousand three 
hundred and eighty-nine ten-thansiuidtbs ; twenty-one, and forty- 
six tboDsand, three hundred and eighty-nine one-hundred-thou- 
sandths; two, and one hundred and forty-six thousand, three 
hundred and eighty-nine one-millionths ; aitd two million, one 
hundred and foitj-six thousand, three hundred and eighty-niua 
ten- millionth H. 



' CONOKETE oa APFLICATE NITMBEKS. 
Sod TagB SI- 

GoQctete or applicate numbers can only be added to- 
gether when they expresB the same sort of units. 

24' uhitlings is a concrete number, and 92' bushels is another 
ooncrete number; but they canoot be added together into one snm. 
For, although the abstract numbers 24' and 32' amount to 66', yet 
W ahillingB and 32' bushels neither tnake BB- sMlliagB nor 5tl' 
bnsliels. We oan go no further towards combining these two lots 
of unlike units than tfl write them with the sign of additjon between 
dieni, thus; ii- shilling -|- 32- bushels. 

Fbi»cifj.b V< Unlike wtils, cannot he compared in any 

llisiinpDSBibleto say which is the longer, amtt« or a dati,foT one 
is I unit of distance, and the other is a uuit of time. From this 
tmpossibility of ccmparing aoUle units arises Ibe fttn of snoh 
qnesUons as, " How tar is it from Westmtaster Bridge to ChriatmeB 
Day'" and Bimilar amusing absurdities. 



I 
I 
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I 

I 
I 



Luge and Bma1l nniU of the same kind are not to be included 
in the foregoing remark. Pounds sterling, shillings, siipencee, 
groate, tliraepeDDj-piecea, pence, balf-pence, farthings crowiu, 
florins, balf-cronns, and half-sovereigns, are all units (of diSerent 
Talne) of Dritlsh idodb;. These can be added, hecBufie b cerlwn 
nmnher of unitf at one valae are eqoal to one nnit at a higher 



steriiag, and a t 
tain number of 



iber of pence are equal in value to a ponnd 
munber of florins ereeqaalin value to a eer- 

I, and BO on. But no namlier of dayi ttonld 
eyor arooant to one mil*, ot to anj namber of miUi, nor would any 
nnmber of miUi ever amount to a number of dayi. Hence, onr 
different coins are nuits of like kiiid, bul of anrqual raltu ; but 
doyf and mlbt are units imlilu in kind; so are hundredtBeiffhli 
and yardt, h/mri and iR<n, thiUiitgi and ounces ; aod it ia l^eite 
units, unlib: tn Kinil, which cannot be added ur compared in anj 
These considerations will be of mach use to ns hereafter. 



mpii 



'1 



. abstract 



All the foregoing examples have been 
tion, because the numbers added havi 
numbers . 

The sum of concrete numbers, consisting of units of 
the same kind and value, is also found \y Simple 
Addition. 

The sum of unequal units of like kind ia found by 
Compound Addition, which will be hereafter taught. 

EXEBCrSE SXTII. 
SIMPLE ADDITION OF COSCRETB NDMBBas, 
AND DECIMALS, TOO LABGE TO BE ADDED HBKTTAIXl 

]■ Find tht Mun of: 184- shillings; 309-5 sbillings; 01(U-3B 
shillings ; and 33906-75 sUUinga. 

&- What U the mm of: 364-3S5 hnndredw^ghts ; IdlO-OSG 
h. w. ; 63875 h. w. ; 604388 b. w. ; and 12-6 b. w.? 

Note. HnndredwBighta are written thus, cwls. ; pounds sterling, 
that is soveieigns, thus, £; pounds weight, thus, lb.; ounces, 
thus,oE. 

8' A butcher bought a bullock weighing T'5 cwts. ; another, 
weighing 6-39 ewts. ; a third, weighing 4'7tl cwts. ; and a sheep, 
weighing l-US cwts.; what weight of meat did he buy in all? 

Henry has in his drawer SS- marbles, IC- apples, 3- peg-tops, 4- 
sheets of paper, 6- sticks of slate-puncil, and seven steel pens; 
John has IS- sheets of paper, i- Eticha of slale-penoil, '21- steel 
pens, 11- apples, 1- peg-top, and 04- marbles; Charles has 20- ap- 
ples, 14- sticks of slate pencil, 22- marbles, i- peg-top9, 11- sheets 
of paper, and 13' steel pens; Arthur's box contains 4- peg-tops, 
9- slate-pencils, 13- marbles, a pocket-comb, 10' sheets of paper, S- 
apptes, two oranges, half-a-doKen pears, and 0' steel pens. What ia 
the sum of their effects ? 
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JQdfl. Thi 



.3 of ei 



Som of steel-pi 



Sam of alate-penuila 



kilid tniisl be uddsd into a sepu'ate ruoi. 

Sura of the murblBa = (96- + 64- + i!a-+ )3') mnrbles 

= 114' marbles- 
Sum of the apples = {18- + ll- + ao-4- 9-) apples 

= BO' apples. 
Sum of ppg-lops =t3--^- 1--|- 3'+ 4-)peg-top» 

= lO' peg-tops. 
Sum of sheets of popec = ( 4* 4- 13- -(- U' -(- 10-) sheels of paper 

=^ 47' sheets of paper. 

= ( 7--t-31- + ia--|- d') ateel.pens 

= i7- steel-peus. 
= ( 5-4- 4-+U-+ 3) slate-peodls 

= 3(1' slate-pmicils. 

Tbereforp, the whole boid of these four jnimg gen ilpmeD's effects 

is 114' marbles, SO- apples, 10' peg-tops, il- sheets of paper, 36' 

slate pencils, 4T- steel pens, 1- pocket oomb, 3' oranges, oiiil 0' pears. 

In the /ollowi'ng examples the pupil mtai himitlf leUct like unite 

for addition. 

B- A labourer tranaplanted on Monday, 61' joung oaks, aS'birches, 
and 70' larobeK; on Tuesday, lnr>- oaka, 13- birches, and 80- 
larches; on Wednesday, 50- larches, ^B- oalts, 35- fairchea, 'iiy 
lanrela, and 31' rhododendrDns ; on Thursday, 16' linrels and 
153- 0^9 ; on Friday, 68- rhododendions, 30- silver firs, 90- larches, 
and 10' birches; and, on Saturday, 79' oaks, 30- rhododendrons, 
and 00' laurels. What was the eiact sum of his week's work ? 

e- A poulterer bought from a fanner's wife, eleven gee«e, four 
lurkeys, 'JO- lb. of butter, 13' eggs, 13' lb, of cheeie, and six 
dackfl! from another he purchased twelve fowls, two turkeys, eight 
geese, and UlU- egga;ia third supplied him with twelve duiks, four- 
teen pounds of cheese, one turkey, two geese, and 40- lb. of butter. 
What was the eiaet amonot of stock he laid in I 

7" Mrs. Gillies ordered from her butcher, Mr. Carver, 34- lb. of' 
beef, twelve pounds of veal, 3' lb. of suet, and a leg of mntton, 
weighing 9' lb. ; Mrs. Floyd also ordered from him B' lb. of mut- 
ton, B' lb. of veal, 8' lb. of suet, and 30' lb. of beef ; Mrs. Qreen par- 
cbaaedia'lh. ofmntlou, andU'lb, ofbeef; and then Mr. Carver 
found be had remuning OH' lb. of beef, 38' lb. of matton, 5' lb. of 
suet, and 40' lb. of veal. How much of each kind of meat did he 
soli to the three ladies? How mnch had he of each kind at first? 
What weight had he in all at first? What weight did he sell alto- 
gether? What weight had be remaining in all7 

ADDITION OF VtFLQAK FB&OIIONS. 



I 

I 



Vulgar fractions c 
denominalors. 
This is for the same 



n only be added when they have equal 

?asun that unlike units caunot be collected 
s .lO' and Principle V.) If I have i 
le apple, I have ciCD piecei, but. \\\c 
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neither two fonrtis nor two siiths. Theae two unlike porta oannot 
be described hj an; fractional eipreBsioD having S tor its nnmA- 
rator. Before I can add Ibem, I must find some smaller parts into 
whicli both tbe one fourth and the one sixth can be cnt. Those 
smaller parta are twelfths. For, ilividing anj unit into twelfths, I 
find that bj taking three of those twelfths I obtain one fourth of 
the unit, and by taking two of the twelfths I obtain one sixth of 
the niiit. (Prove thit by so diciding a unit-iquare.J Hence 
i = A; i = A; and after being ohanged into these Bmaller 
parts the fractions con be added. 

The Bum of vulgar fractions, which have equal denomi- 
natois, is found by adding their numeTators. 



1& 



+ ii + 



IS 



3 + a4 



\-n . 



la 



.and i. + i = l4-± = Ml£. 
4 ^ a la ^ la la 



EXERCISE XXVIII. 



■ Knd the stun of i, i, h & i; and of A, A. A * A 
!■ ,. „ >■ f, *. S, *!; and of A. A. «* A 

■ „ ,, « A.AA&lV; ^d of ¥, h f & i 

■ „ ,, „ i, i> f. * i ; ttQii of a, a.a.&A 

■ Add together A, A, A, A, * iil also f , J, J * * 

■ „ „ A, A, A, a, 4 iS; ^o iV, A, A * » 

7- ■What ar 



L 



-A + 3V + A + A + tV = 
8- „ „ A+A+A + A+i- = 
0- „ „ A + i-+A + «+A = 

10- „ „ ,v + A + A + A + 1- = 

11- ,, „ A + 3' + A + A + 1- = 
13- „ „ rST+ l- + T*T + lW+AV = 

Armunetioal BymboL To express that one quantii_ 
is greater or less than another, we place between them 
the sign of inequality, which consists of two Hoes forming 
an acute angle, thus > or thus < the opening being 
always turned towarda the greater of the two quantities. 

Hence, when the greater quantity stands first, tbe opening of the 
lines is tamed towards the left > and the sign is then to be read 
" is greater than," or " are greater than." But, when the smaUcr 
of the two quantities stands first, the opening of the tines is ttlmed 



ii^~ 



N 
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'tovardB the riglit, nnd the sign then represenla the words " is (or 
MP) less than." So that 

S > f raeana "^ve nxtk4 are greater than <iz eighth! ;' and 
H < H II " t>men fvtelftht art Itit than thirUeK fovrteentht." 
Proper and Improper Fractions, "A Araction is any 
part or parts of a unit." (See page 12-) 

The greatest number of halves, thirds, foarths, fifths, 
or of any other parts that we can form by dividing one 
unit can only amount to unity. 

.-. one unit = * or J oi } or +i or H* &c. (See page \2-) 
Hence, any fraction whose numerator is equal to its de- 
nominator is equal to unity. 
,f any fraction whose numerator is less than its de~ 

noininator ia less than unity. 
„ any fraction whose numerator is greater than its 
denominator ia greater than unity. 
FraotiODs of this last ldnd,nBineI]', those (treater Umn unit;, are 
formed by dividing more than one unit into the suae kind of 
parts, Bj cutting two units into flfths (for esflmple) we might 
obtain J, i, I, J, ^, eaoh of whioh fractions is greater than nni^. 
Therefore, a firaction is =, > , or < unity, 

according as its nuraeratrir is =, > , or < its denominator. 
A proper fraction is less than unity. 
An improper fraction is equal to or greater than unity. 
A proper fraction has its numerator less than its denomi- 

An improper fraction has its numerator equal to or greater 
I than its denominator. 

■ EXEfiCISE XXIX. 
^^^tca^ibdatory queitioni* 

■ What is meant bj "uoif'T What is an integer? EjpIaJn the 
Dse of the decimBl point. Which aro the "signiflcsnt figures," and 
why are thej Balled "significant fignreB"? What is the use of the 
cipher? Where is the cipber naeleas, and why? How is the same 
digit made to represent different numbers? What is the art of 
expressing numbers in digits called? Repeat the first notation 
table. Repeat the eecoad notation table. Repeat the first noioe- 
ration table, and the second, Where do natation tables and nume- 
niticm tables begin? Declare the exact value represented by each 
digit in the folloiring numbers, name^; 840301-5438 ; 701000-flOO ; 
303O3O'l)l ; and llaOB&0l>e50O4 

«ain qfrevi^nn." U llw popil oMODl it°oncfl"nswar an? dDE "' "■ 

liooa, or perrorm any operntiuD enldined In tMs exeralge, ba s 
UiB paat pagaa or the book andl he mast with tbo icfDnmUloi 
hftve aaoopea bii mamory. 
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BECJIFIII7LAT0BT QDZSTIOKfl. 



. leorAiilhmetioT 
d piinciple of Arithmetic ! 



What does (he word local mean ? 

What ia meant by saying that di^ts have 



I 
I 



, local valne? 
What advantage aiises £rum giving digits a local ralne* 
Wbal is a fraction* Uoir do you procare halves of a niii 
foortlis, ninths, lenlhs of a unit* Describe the two steps nG«eS- 
'Sai7 to get four elevenlhs of a unit. Draw a line <ai jour slate, 
■ad find sii; eighths of that line. Draw another line, same length, 
■t^d find Neven eletenllifi of it. Draw for jonr unit a squue, and 
find three eighths of one half of it. ^"hst kind of fracliaD is 
Ihisf Draw other three sqnares, and find two ninths of the 
fint: EBTen eighths of one third of the second: and two fifths 
of three elerenths of the third. Why are two niunfaera necos- 
SSrj for the notatinn of a Tulgar fraction? How are thoxa two 
numbers placed? What is each of those nnmbera called? Pel- 
form the notation of aix thiiteentba; twentj-two forty-fifths; 
three hondred and twenty-two nine hondred and twelfths. Rfiad 
in -orfa Hi m-. A: H: Hi: ^^i tM*; 1^1 
aad iff. Explain how each of those fractions of a unit would 
be pTocared. What two tbinga does the denominator of a frao- 
tion tell yon? What does the numerator tell you* H'Tial it a 
timple fraction t What U a eompoand fraetion t What fnie- 
tiom are talUd decimal fiaelioTu / Which of the two tenna of a 
decimal fi'sction is generally omitted? How many places of figores 
we required to express a, decimal IraotioDT What is the correct 
way of reading -115* : first, Inking the figures collectively; and, 
second, taking the figures separately. 

Write aiuietri to Ae faUowirisi qtieiliom. 
!• Why is onrs called the Decimal System of Arithmt 

Notation ? 
S' What is the principle of this systemF 
8' What is meant by "Deeiraal Arithmetic"? 
4' Repeat the two mles for oanying. 
&■ In how many ways can numbers be changed? 
6- What ia Addition ? What is Subtractionf 
T' What kind of Addition has a particular name, and what 

8- What is Dirision of Integets ? 

0- Describe the sign of Addition. Why is it called "pil«"J 
10- Put into arithmetical eharaelent the folUneing tcntenea. 
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^L "Beoaose eight and oiae snil flva are eqaol to twenty.tvoi J 

^K And beaaUNetwoaadrour and sixteen are e4ualtotWBiit}'-t\)0i I 

^^ Tlierefnre, tagbt Bud nine and five are equal to two itnd fDin I 

^H and sixteen." 1 

^B This U done Ihujt .- 

H V 8- + fl' + 6' = 22' And ■.■ 2- + 1- + 16- = 23- 

B .-. 8- + 0- + 6- = 2' 4- 1- + 18' 

^Bl- Expreu in arithmrtical langnage Ike foltaicing line: 

^H "The sum of nineteen and one foorth of tliirt;-two is eqnal 

^1 " One half of twenty added to one eight}) of uzlean la equal I 

^H ■' Sixteen and nine are eqoal to thirteen and twelve." 1 

^H " One half d[ one half of a unit is equal to one fonrlh of the 

^BS' Write in wordi ihefallomng linei. 

■frfg-^ fl.^. J of l(i' = i of 16- -f i of la- + i of IS' + i of !«• I 

Bt4-I}- + 5' + 4- = i of 16' + i of 24' -I- i of 72' 

fcpfiof l-=Aori- = iot-ATofl- = iofiofl- = Aotiofl* 

Bofi of l- = ^ofl- iof Aof !■ = AofI- = Aof 1- I 

K J8' WHU in iDordi thefoUomlng. 

^ V ai- = 1 of iS- and -.- 8- = 1 of 24' .-. 6- = J of j of 48' 

-v 9-+ e-^ J of 34- Bndvl8- = 9' + 8' + l' .-. 18- = J of Ol'+l- 

■ = u-f 

□ words in two wsfs, I 
First. " Eight pin* »ix are equal to fourletn." | 

I Second. " The mm of tight and lix ii fmirteen." I 

BtULTIPLICATION,* 
"Multiplication is the addition or repetition of equal 
numbers. + 

If I find the sum of four sixes, that is, if I add together 
tix and siie and six and six, I repeat six /our limes, and It 
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42 MuiTiPLicaTioN. 

is Baid that I " mtiHiply six by/our," or take "fou; 

Five words employed in Multiplication must he clearly 
understood. They are these: Multiplicand, Multiplier, 
Factor, Product, and Multiple. 

The number six repeated nine times amounts to fifty- 
four. 
Here 6- is the Multiplicand, the number that is repeated. 

„ 9- is the Multiplier, shewing how many times to re- 

„ 54- is the Product of 6' and 9' 

„ 6' and 9- are Factors of the Product 54- 

„ 54' is a Multiple of 6' and also a Multiple of 9- 
The Unltiplicand is the number which is to be repeated. 
The Unltiplier is the number espressing the repetitions 

of the multiplicand. 
The Product is the number produced by repeating the 

Multiplicand. 
The Factors of the Product are the Multiplicand and 

Multipher. 
The Product is a Multiple of each of the Factors. 

Take 24- pe&a, pebbles, or other convenient units. Place 
them in four horizontal lines of six unite each, under each 
other. There will be six vertical lines of four units each. 
Counting the horizontal tinea shews 
that /ouy lima six = twenty-four. ' ' 
Counting the vertical lines shews that ' ' ' 
tin timeifour = twenty-four. ' ' 

.•. Four limes six = six limes four. ' ' 

In 4' times 6- = 24- the multiplicand is 6' 
tiplier is A- and the product is 24- 

In 6' times 4- = 24" the former multiplier 4- is now 
the multiplicand, and the former multiplicand &■ is now 
the multiplier, but the product is still 24' as before. 

Peikciple VI. The Multiplicand and the Multiplier may 
be exchanged the one for the other, and no alteration will 
be made thereby in the Product. 

Arithmetical Symbol. The sign of multiplication is a 
cross formed by two equal sloping lines, cutting each other 

. the middle, thus, X . It is called, in reading, " mul- 



i 



^H tiplied by," or " times." ,^^^| 



2- X 3- 


= 6" 


2' X 4- 


= 8" 


9- X 3- 


— •27 


8-X5- 


= 40 


7- X 6- 


— 42 


9- X 7- 


= 63 
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6* X 4* means " iix multiplied by four" or "four times six,** or, 
by Principle vi. "four multiplied by six" or "six times four" 
and •/ 6' + 6' + 6* + 6* means four sixes added together; 
and '.* 6* X 4* „ six repeated four times ; 

/. 6' + ^' "h ^* "h ^* means the same as 6* X 4* 

Hultiples. A multiple of a number is found by multi- 
plying it by any number, 

2- X 1* (that is, "once two,") = 2- 

.'. 2* is the first multiple of 2* 

2- X 2- (that is, « twice two,") = 4* 

/. 4' is the second multiple or double of 2* 

= 6* which is the third multiple or triple of 2* 

„ „ fourth multiple or quadruple of 2* 

„ „ third multiple of 9* 

= fifth multiple of 8- 

= sixth multiple of 7* 

:= seventh multiple of 9* 

(fee. &c. &Q, 

The first multiple of a number is the number itself. 

„ second multiple of a number is found by multiplying it by 2* 

„ third multiple „ „ by multiplying it by 3* 

„ fourth multiple „ „ by multiplying it by 4* 

Sdq, &c. <&c. 

And, because by Principle vi., exchanging the Multiplicand and 
the Multiplier one for the other makes no alteration in the Product, 
.-. The 3rd multiple of 2* = 2nd multiple of 3- 
„ 9th multiple of 7- = 7th multiple of 9* 
„ 8th multiple of 4* = 4th multiple of 8* 
And so on. 

Composite Numbers. Every multiple, except the first, 
of any number greater than unity, is a composite number. 

Prime Numbers. A prime number is one which is not 

a multiple of any number but itself and unity. 

A composite number has factors greater than unity. 

A prime number has no factors except itself and unity. 

Hence 8* is a composite number. 

But 3* 5* 7* and 11* are prime numbers. 

The first twelve multiples of the first twelve numbers 
(1- 2- 3- 4- 5- 6- 7- 8- 9- 10- 11- 12-) 
must be learned by heart from the Multiplication Table. 

The column of second multiples must be first learned, and re- 
hearsed in this way, "twice one are two," "twice two are four," 
and so on to "twice twelve are twenty-four;" then the column of 
third multiples, " three times one are three," &c. ; then the other 
colmnns in succession. The column of first multiples does not 
require to be learned. It is repeated thus : " once one is one, once 
two is two," &c. ' 



MPLTIPirCATION TABLE. 



THB UULTIPUCATION TABI.B. 



1 
1 
] 

J 
1 
1 

1 
1 

1 
1 


X 1= 1- 
X 2-= a- 

X 3-= 3- 
X 4-= 4- 

X s-= s- 

X B-= fl- 
X 7-= T- 
X 8-= 8- 
X 9-= 9- 
X 10- = 111- 

xii-=ii- 

X 13- =- It- 


ax 1-= a- 
a-x a-= i- 

ax 3-= B- 
a-x 4-=--= 8- 
3-X 6-=IO- 

a-x 6- = i3' 
a-x 7- = u- 

a-x 8- = 18- 

a-x iJ--ie- 
a-x 10- = 20- 
u-xii-=a3- 

a- X 12- =24- 


3-x !■= a- 

3-X 2'= 6- 
3-X 3-= 0- 
3-X 4- = 13- 
3-X 5- = lS- 

8-X e- = iB- 
3-X T- = ai- 
3-X 8- = 34- 

a-x B-=a7- 

3- X 10- = 30- 
3-XIl- = 3H- 
3-X13- = 3«- 


4:x 1;= ? 

4-X 3- = ia- 
4-X 4- = lB- 
4-X B- = ao- 
4-X 0=34- 

4-X 7- = 28- 
4-X 8- = 3a- 

4-X 9- = 3e- 
4- X 10-= 40- 
4-Xll- = 44- 
4- X 12- = 18- 




t 
c 



G 


6 
fi 
5 
6 


X 1= 6- 

X a-=io- 

X 8-=16- 

X 4-=ao- 
X B- = a5- 
X e-=3* 

X 7-=36- 
X 8- = 4(l- 
X 9- = 46- 
X 10- = 60- 
Xll=55- 

xia=eo- 


a-x !■= 0- 
ex a- = ia- 
e-x ■3- = l8- 

fl-X 4- = 34- 
6-X 5- = 30- 
B'X 0- = 38- 
fl-X 7- = 4a- 
(l-X 8- = 18- 

e-x e-=54- 

8- X 10-= BO' 
6-Xll- = B0- 
fl-X13- = 73- 


7-X 1-= 7- 
7-X 2- = 14- 
7-X 3' = ai- 
7-X 4'^aB- 
7-X 5- = 35- 
7-X B-=42- 
7-X 7-=49' 
7-X e-=fifl- 
7-X fl-=63- 
7-XI0-=Tfr 
7-X II- =77- 
7-X13- = 84- 


8-X !■= 8- 
8-X 2- = 18- 
8-X 3- = 34- 

8-x 4-=aa- 

a-x 6-=40- 
8-x 6-=48- 
8-X 7-=5e- 

e-x e-=e4- 

e-X 9-=79- 
B-X10-=80' 
8-XII- = 88- 

s-xia=oa- 



9 

9 

9 
9 
9 

» 
9 
9 
9 


X !■= 9' 
X 3-= 18- 
X 3- = 37- 
X 4= 36- 

X 8- = 15- 
X 0- = 64- 
X 7- = 83- 
X 8-=73- 
X 0-= 81- 
X10'= 90- 

xii-= iJi>- 
xia-=niB- 


10-X 1-= 10- 

10- X a-= ao- 

lO-X 3-= 30- 

in-x 4-= 40- 

10-X 5-= 50- 
10-X B-= BO- 
10-X 7-= 70- 
10-X 8-= 8I)- 
lOX n-= 90' 
10- X 10- =100- 

io-xii-=iio- 

10-X 12- =120- 


11-X !■= 11- 
U-X 3-= 33- 
11- X 3-= 33- 
11- X 4= 44- 
U-X S-= 55- 
ll-X 0= fiB- 
U-X 7-= 77- 

11- X a-= 88- 
ll-X 0-= 99- 
11-X10-=I10- 

ii-xii-=iai- 

ll-Xia-=132- 


la-x 1-= la- 
13- X a-= al- 
ia- X 3= 36- 
la-x 4-= 48- 

13-X B-= BO- 
13- X fi-= 72- 
la-X 7= 84- 

la-x 8-= so- 
la- X 0-=108- 
ia-xio-=iao- 
i2-xii=m- 

12-Xia-=144- 



EXERCISE XXX. 
SPECIMEN or QUESTIONS ON THE MDLTIPLlCATIOl 

TABIE. 
1- Repeat tliB column of fourth muldplaa. 
a- Iti^paal Ihe same backWBids. 
3- What mnltjplo of 4- ia 33- ? What nuDiber is 0- one 



I 
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4* What is the product of 6* and 4* ? 
5* How many fours must be added together to make 36*? 
6' By what number must 4* be multiplied to produce 28*? 
7' How many elevens in 44* ? How many fourths in 11* ? 

8- What part of 44- is 11- ? What part of 44- is 4-? 

9- What is the fourth part of 48-? 

10- How do you know tiiis? How many units = V^ ? 

11* What is the eighth part of 32* ? How many units =» ^;*? 

12* How many fours are there in 24* in 25' in 26"? 

13- What is the fourth part of 24- of 25* of 26* ? 

14* By what principle do you find the fourth part of 24* from the 

multiplication table? 
Answer, The multiplication table informs me that there are 

six fours in 24* Therefore, by Principle iii., there are six 

units in \ of 24* 
15* What are the factors of 28* 40* 16* 12*? 
16* What numbers are 9* and 4* factors of? What No. is 4* -J- of? 
Many similar questions should be asked on each column of mul- 
tiples. 

1 7' There are three pairs of factors for 24* Name them. 
18* How many sevens in 29* ? 
Answer. There are four sevens and one unit in 29* that is 4* 
sevens and f of seven. 

19* What is 4 of 15* fe of 23* ft of 39* ft of 42: i of 100* ? 

(See Principle in. page 24*) 
20* What is the double of 8- the triple of 9* the quadruple of 12*? 
21' Name the 4th multiple of each of the following numbers. 

7- 9* 4- 6- 3- 8- 12* 
22* What are the third multiples of the first twelve numbers ? 
23* Name the fourth multiples of the first twelve numbers. 
24* Name the fifth multiples of the first twelve numbers. 

25* How many units = V^; \^; Hi \^\ i\ f ; "¥ ; ^9^? 

26' Arrange the first hundred numbers in two columns, one con- 
taining the composite numbers, and the other containing 
the prime numbers. 

MTTIiTIPIilOATION OF INTEGERS. 

To multiply an Integer hy any Integer less than 13' 

Place the multiplier under the multiplicand, so that the 
decimal points shall be in one vertical line. 

Under the multiplier draw a horizontal line as long as 
the multiplicand. 

Below this line place a decimal point directly under the 
other two. 

Commence at the right hand of the multiplicand, and 
multiply each of its figures in succession by the multi- 
plier. 

Set down and carry as in addition. 



LIGATION OF INTEOEBS. 



Multiply I 
by eight. 

E sample 



e thousand four hundred a&d eixty-three 



-a-i- 



Set drncn i (units ) and carry 2 ffemj, 
B- times fl tens + a (ana {ottmed) = 50 tens. 

Set down (Una) and carry & (hundreds). 
8' times i hundreds ■+■ 5 huodreda (oarrisd) = 37 
hundreds. 
Stt doaa T (hundredaj and carry 3 (tkoiuandi). 
8" limes 9 thonaands + 3 Ihouaaada (cBtiied) = 75 
thotuumds. 
Set doani ( thoaiajidn ) and carry 7 (tm-thauiandi), 
g. Set doom T (ten-lhoiuandi). 

75704- = Product of the Factors 9463- and »•; = SJh 
^^^_ muUiplii of 9iGS-;^ alao M6Srd tnulttpb 

EXERCISE XXXI, ^M 

ULTIFLICATION OF A.BSTEACI KITB^H 
BEES, BY INIEQEBB LESS THAN 13' 



9463' 



Itiplj 64138- by 3- 


7- What ar 


e 3146598- X 8' = 


„ ilOOOfi- bj 4- 


8- .. » 


4Sfl3HS5- X 10- = 


79fl5i3- by 5- 


9- « 1. 


054in083- X !!■ -=■ 


50634- by «■ 


10- „ „ 


96-I3H5- X 12' = 


„ 146746- by 7- 


11- » >. 


741984&0- X n- = 


ai>491B8-by8- 


13- » .. 


0261834' X 8- = 



I- Find the ninUi multiple of 64263- and the aiith multiple of 

6l9&43ia' 
I' Fmd the seventh muldple nf 9846321- and the lltb of 047632- 
i- What is the double of 3210489-? 

)■ What ia th e triple of 47 U 13 547-? WhatnnmberiE4DS'onehalf of? 
■ "*■ It Bumber is quadrnple of 76984320? 

It is the product of (U4- and 12- also of 305- and 7-? 
10- Of whetninnbei are 3169' and 8' fautois? 
20' Multiply 93468' by 9- Whatmultiple of 93468' have you fennd, 

and what multiple of D' ? 
31- Find the 145th multiple of 0' 

TMs it the tame a> the 9th mulHpU of 145- Set Pm»aiPLE 
TL, pojie 42- Alwaya employ llit tmaUer faetor at tht 
multiplier. 
22' What number is the Bum of 30014- nines ? 
23< What numbei is 845' the seventh part of? 

Any niiinber ii the eeventh part of iit leventh multiple. 
24- Of what number is 4805- the aixtb part? 
20- 9- is rif of a eerlun number. What is that number? 

Tht number must be e^ual to 48B' nin^J; EAat it, it mutt (« 
the iSdlh multiple of fl- or the fith multiple of 



i 



XITLIIFLICATIOK OF IK TEG EBB. 



30' 



loiBS 691335' to i 


a eleventh toaltiple. 


„ 73083' to i 


Ji ninth multiple. 




3 e4aDd multiple. 


7- 10 i 


a three hundred and twelfth multiple. 


8- to 


la niQetj.ftftb mnliiple. Wlmt numher i» 



BU'O 



> hair of? 



EXERCISE XSXII. 

:AX7LKB IIT HTILTI PLICATION OF CONCfiETB I 
ItBBS, BY INTBOEKS LESS THAN 13' 



I 

^^H! How m&ny pence will pnj for 318' ninopenn; loiTes? 
^^P Ai there viill be one nitupence far each loaf, 31S- nintpfnctM 
^^K will he regiiiTed lo pay for 2^- mttepenny Zoace*. 

^^K ,-. the manber of pence Ttqnired = 9- X 248- = 348' X 9' 
^^B Painciple vi. page IS. 

^^^•"At ISl- lb. per bag, hovr man; lb. nould 8' bags of potatoes 



;t raeniiiDg, t 



Write against each line its 
Tht numfcdT of lb. each bag k 

The number of bagi = 
The mm^er of Ut, n.c lia|7> weigh >- Ql 



If 3468' persong contribute to a fund 5' sbillinga eacb, hov 

iDiuiy shillings will be oonlrihnti^d? 
4' How niUDj pence would 30' lb. ot butter cost at II' pence a 

pound? 
5- A ton is equal to 9240' lb., what No, of lb. do 8- tons wughf 

»Wbat weight in lb. would nine carls contain, each holding 2' 
A ;ud measure is 3- feet loni;, how many feet in a cord 396' 
yuda long ? 
A mile ia 1700- yardEi, how many feet in nmilef 
0- A foot is IS- inches long, how many inchea in fi28n- feet? 
10* How many inches in a mile? 
11- Fonr fanbings are equal to one peony, how many farthings in 



13- 



TweWe 



penoe malie one sbiUiug, how many pence in 430- shil- 

uugs4-e3eS' HhilIingB-t-118- shillinge? 
How many farthings in one shilling? 

How many fanhinga in five shilUnga, and in twenty shillingsT 
Twenty ehillings make £1; how many pence in il"? 
Three fourpences, or groata, make one shilling, how many groats 

in twenty shillings, or ^I' ? 
Fi»e shillings make one crown, how many ahillings in 6 

Two sixpences make one shilling, how many siipencea it 

crown, in £1; in 3965- shilliogs f 
Eight half-crowns are equal to .£]-, how many half-crowns 
^04'? 
30* ilte sixpences make one half-orown, how man; sixpences in 
~ 784342' half-crowns? 
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48 HtTLTIFLICATIOir 07 INTEGEE9. 

21' Seven dajB make one week, how manj dajs in a jear, wbioh ^^ 

5-2- week? Bod 1' day? JM 

32' 12' articles are 1- dozen, how tnnay in fl03- dozen? ^^H 

2S' WbaC namber of pence are 0* pence i-fj- off ^^| 

21- A tnao can pa; hu ;ear^ rent by laying by 11' pence at^^| 

week, what in his reol? 
3S' If three pints of heer cost 9' pence, how macb would that 

qnantity per week coat in seven years, or 3SS' weeksf 
26' A cai^u of cdhIs was equally dinded among 13- porchasera, 

each of whom had S7- tons, What »aa the wright qf the 

3T' After spending two thirds of his money, Willie had 4S- pence 

lefL How many pence had he at first ? 

Having tpent (mo thirdi, the retnaindeT »aJ on* tftiri. 
SB' Two sixths of a piece of cloth were spoiled, and three sixths of 

it sold. There remained uninjnred and unsold 02' yards. 

What was ihe original length of the piece? 
aS' After paying half his debts, a trader foond he still owed £3900- 

What did be owe at first ? 
SO* Nine gold diggers agreed to share equally whatever gold any of 

them found. The first discovery gave li- oz. to each ; the 

next gave 33- oz. to each ; then a nugget was met witli which 

made the share of each twice as much as he already had. 

What weight of gold did they find in ^17 

Thii exaTaple rtqaires addition and vatltiflication. 
31- A coach-wheel, J' feet in circumference, revolved 13300- times 

in a certain distance. How many feet in that distanceT 
32' How many pence would a ton of sugar ciiEt at 5- pence per lb.? 
33' How many articles are there in one thousand six hundred and 

ror^y-oioe dozen? 
34' How many feet in U- miles? 
SB' In 84316- shillings, how many groata ? 
3Q' How many inches in 8- miles ? 
37' How many farthings in 043831' shillings? 
38' A Gt^am engine worked 12' hours a day, and consumed 113- lb. 

of coals per hour. Haw many pounds of coals would it 

S!l' Ila- lb. inalte I' cwl. How many lb. in 11- owt.? 

40- What number of pence would 9' cwL of cheese cost at 7- pence 

il- A gallon of water usually weighs ten pounds. What would a 
bogfihead of water, containing 03- gallons, weigh? 

43- Fourquartsmake r gallon. Howmany quartsin 1- hogshead? 

13' Two pints make one quart; and 4' gills make 1' pint. How 
many pints in a hogshead? Howmany gills in a hogshead? 

44' At S' pence per gill, what would a hogshead of braudy cost, in 
pence? 

4S- Edward had as many sixpences a£ there are days in July; 
Robert had 13' sixpences more than Edward; John had 
three times as many sixpences as Robert, and T- HiipencQi 
beside. How many pence had the three bi" " ' 
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MULTIPLICATION C 



MCLTIPIICATION OF TULGAB FBACTIO: 

Multiplication is repeated addition of the same qaan- 

tily. Thererote, multiplying a Vulgar Fraction by an 

Integer is the same tiling as adding together as many 

^^^ch Fractions as there are units in that Integer. 



tX8- 



. 54-6 + 5 + 5 + 5 + a _ Crin 

'°° e i 

BX S _ 30 



Therefore, a Vulgar Fraction is multiplied by an Integer 
by multiplying the numerator by that integer, and retam- 
Dg the denominator unchanged. 

A Decimal Fraction, being only a certain kind of Vulgar 
Fraction, (usually written without its denominalor.) may 
be multiplied by an Integer in the same way as any other 
Vulgar Fraction. 

The propriety of this wil! be made clearer by writing 
the denominator of the Decimal Fraction. 

'■«'.-»»x'--M'<'-^'=llSi 

.-. -025 X T- = -I'fl* 
Multiply any Fraction hy an Integer. 
Tirat. Find the product of the numerator and the inte- 
r, emplojing (for convenience) the smaller of the two 
multiplier. 

Second, Under this product aa a numerator, place 
iuominator of the given fraction. 



1^° 






EXERCISE XXKin. 



[ULTIFIICATION or THACTIONB BT INTEGERS. 1 
AMPLE8 IN -WHICH ONE OF THE FACTOBS IS LESS THAJt 
13- AUBIBAGT nUUBEBB. 

In each of tht folloviing exampUt the reault v>ill be a fnuitian. 
Slate the kind 0/ fraction ineaeh intlance; vhether proper er im- 
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XVLIirhlOAIlOU OF YPLGA.^ FRACTIONS. 

1- Multiply f bj 9- and A ^J 1^' 

■ U by 11^ and -jm by 8- 
lii, b7 fli3- iind ,As bj B4ia- 
I by BSloea- and 41H by 7" 
I- Find tbe product o! A and 31168- 
of AVAfe aid 9- 
of Jl and 39764- 
of -(USa and 7- 
of -(HJHH) and 11- 
of ■01-23Ba and 6- 
I- Find the 4th multiple of -^ 

Oib multiple of -^Af 
aiSlh multiplB of I 
SU87SU1 multiple of H 
lllh mnltjple of '015 
91h iQuttiple of '0IJ88 
7tii multiple of -74318 
Sth multiple of '75 
ItUh multiple of -875 

laiii mttitipie of -iisae 

-,' Qf That number is j ooe fifteenth part? 

* The Miim6«r muit bi the 15(ft muHipto of J 
23' A is niiT of a certain nambor. What ia that number f 

CONCBETE NUMBERS, 
23- How mnoh would 45- yards of linen cost at A of oi 

16 yoTc 

■.t ^ of a'thiliing ; thati*, 
^ D/a ahilling X 4&- = ~^ ofaihUUng^ = -^ ofaiUSirig. 

dl- At } of a ebilling pei lb., irhat would a t«n of pandles coat; 
It^' It 4 saldJei'H coal require V °f a yard of cloth, how much 
olath would be required to moke coata for B battalion of 
9514- men T 
a«- A ewt. ia 113- lb. What would 1- owt. of Ditioh cheese oost, at 
f of a penny per lb. ? 

To multiply Integera and Decimal Fractions hy any 
Integer let» than 13' 

Place the multiplier iind^r the inultipHcaDd, so that the 
decimal points shall be in one vertical liaf . 

Draw a horizontal line below the multiplier. 

Beneath this line place a decimal point directly below 
the others. 

Put aho beneath this line a cipher* under each decimal 
figure of the multiplicaad. 



u IddUiDB gf Sac: 



. I'hia ahonld bs alvajn aofanig^ 
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I urxiiFiroATtoir of itftE&ESa and Deciuals. i\ 

■ Multiply* set down, and carry, preciseijr ag 
tegers. 

Example wobkbd 



prppoted. 



OUT. Mdltipty 6841-382 by 9- 
9- times i (onethausftudths) = 18 lone-tbou- 
BODilths = 1 (one-bui]dredth)anda(one-tbDa- 
sandths). 
Set diHcn S (one-thoutandthi) and earry 1 (ont- 

kattdrtcUK). 
9- times B (one-hniidredths)'-f 1 (one-hundredtb} 
earned = V3 (one- hundredths) = V {tsmba) 
and 3 (nne- hundredths). 
Sic douirt 8 (ow-hundrtdlht) aitd cany 7 flWMftiJ. 
0' times 3 (teoths) 4- ^ ttenlLs) carried = 34 
- (tanthB) = 3 (unitB) Bud 4 (lenthsj. 

6841 "SSa Set dotcn 1 (Untha) amj carry 3 funiWJ. 

MiUHply the inttgen a> before. 
il572-438=- 9rt mWiff/ii! i^ 6481'882 



EXERCISE XXXIV. 



I THAI* 13'; ABStKACT 



■ WhBt is the double of U413«a-i5!l! 
1- Find the 1th luult^Ie of )«84ieD-»t)4 
I- Mnltiplj U43e5i-18380 by 6- 
„ 3416860-758 bj t- 
<' „ BB7381-S41S by T- 
i- „ 43188-1513 bj fl- 

'■ Biusa g4!11S4-218 to its Dth multiple. 
I- „ esalia-uea tg its inth multiple. 
I- Find the product uf 914-83 uid 11- 
1- „ „ rf 9436-816 and 12- 

L- WUut number ia triple of 1)5438-421: 
!■ „ „ quadruple of ai468-83U? 

f What ate ei4386-a08e X 13' = f 
L- „ 310763'iei X 11- = ? 
1- „ 954638-711 X lO' = ' 
t- „ i7851-Bl4 X B- = 7 

r- What No. ia 4310-B8 the tenth of? 
*- What No. is 043*R7fi „ k of? 
)- One eighth of a certain No. ia 8'84 ; what in the numberT 
]■ Multiply -00804 by 9-; and -O4130 by 11- 
l- 3Hnl6pry -75 by 19-; and -S75 bj B- 
{• MffltlpW ■37S by e-i hnd 3-1418 by 7* 
fi Malt$^ l'7330S0e by 13- 
l- Mui^lj -07958 by B'; and -10433B 1^ 4- 
S- Double ■6141)8; and treble -84-^183 



MniTIFUCATlON, 



EXAMPLES IN CONCBETE NITMBEBS. 
28' A cnbic foot of wRler nsualij weighs Ba-U lb. How manj lb. 

in 13-cubiDfeet of water?* 
37- A gsllou of liqoid vould exactl; till a vessel measuring 3TT'Q73B 

cubic iucbea, Howmoajcabic inches voiilil be occupied by 

6- gallons? 
88' If one fourtb of B ahip ooat .£413'876, what would tbe whole 

S9' Seven eighths of a som of money were stolen, and £41'3TI) 
left. How much was taken away? 

30- A debt was paid in II' equal iDstalmenta, of £1'D7S: wbat was 

the aranunt of the debt ? 

31- What would 12' weeks' wages, at £1'675 per week, amount to? 

32- What is the value of 10- lb. of tea at i'7S sbilliogs per lb.; ^^ 

33- HaiC a crown is = -Ui of £1- How many pounds are !■ 

half crowns equal to? J^M 

Expren the amieer in integen and decimals. ^^M 

CONTINTIBD MULTIPLICATION, ^^ 

If we multiply one number by another, and then mul- 
tiply the product of these by a third number, it is auid we 
have multiplied the three numbers continually together. 

The product found by the continual multiplication of 
three or more numbers is called the Continued Frodnct 
of those numbers. 
Thug : tbe ooiitinued product of 

0' 0- 8- and 1- is = 6- X 9- X 8' X 1' = 172S- 
For 8- timea 0' = B4- = prodvet of 0- ond fl- 
„ S-timea SI- = i3i' = eontinued prodwit of 6- and 9' and 8- 
„ 4' times i33- = 172S- = continued prodiKt of 



EXERCISE XXXV. 
■ Find the CDutinued product of 3- 7- 6- an 
'• ,, „ „ 0- B- 8' 7- 

I- Multiply oontinuBlly together (il'ilS; ' 
„ „ „ 69340-43i I 

1 tbe continued product of T' and 6' i 



6' and fl- and 7- 
S' and 6- and 7- 
ft- and 7- and 6- 



ifrii^ 
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I ^ TO 1.13 Tl ON. 



ii In tbe Inst si 



mples the tliree numbers mulUplied are tha 



t- X 8- X 8 



'^ 8' X 8- X 8 



9iid power of 8' 
= 3ril power of 8' 
= «h power of 8' 
= 6th power of 8' 



Tlie 1st power of snj No. is the No. itself. 

The Snd power of an; I4o. In the product of two such Nos. 

The 3rd power of any No. is the continned product ot three 



e, but diflerenll; placed. Yet it is found that the product is 

In the same way any four numbers, its 9- 11' D' B' may be multi- 
plied together in twenty-four different arru)gemenUi but the pro- 
^^Bd will be always the same; namely (in this inatance) 2640- 
^^Hr Prore that in whatever order 13' and 3- and 0' uid 7' are cou- 
^^^p tinnally multiplied, the coutinued product is always the same. 
^^P PBIKCIFLE Vtt. In tehatevtr order numbers are mul- 
^^fplied loyelher, their continued product ia alwaya th» mhim. 
This is ati important eitennion of Prinajple vi. 
Powers of Knmbers. The continued producta of equal 
factors are called Powers of each of those factors. 

(For instance: 6- ^ In po< 

Findirji the powers of numbers is called Involution. 
Involntioil is the raising or involving of a number to 
any of its powers. 

EXEBCISE XXXVI. 
EXAMPLES IN INVOinXl 
1- B^se 9' to its 4th power. 
a- Whfltis theflthpowerof 4-: 

3- In»olve 6- to its 8th power? 

4- Find the 3rd power ot &■ 
6" n II 8'h power of 8- 
0' „ „ 7th power of 2' 

Index or Exponent. The number of equal factors 
which are to be continually multiplied together, in order 
to obtain the required power of a number, is sometimes 
painted out b; a small figure called the Index or Exponent 
of the power. The Index or Exponent is placed at the 
upper part of the right-hand side of the number which 
is to be raised to the power indicated b; that Index or 
*" ;ponent. The plural of " Index" is " Indices." 



nXION OF INTEGBKB. 


T- Involve 11' to 


U 7lh power. 


8' ItsJse 0' to i 


a Sth power. 


0- „ 4- to it 


s lath power. 


1(1- „ S- to i 


B Bth power. 


11- „ 10- to i 


s etb power. 


12' „ 12' to i 


a Sth power. 



^>p 



J 



■4 

67- 

■I 



I 



54 iKvoLutroN. 

Hence, ill 12' tbelodex or Espoaent ie St shewing that IS'ib ta- 
be r^cd to its Sth po<rer. 

fl" meuQii " raise 9' to its 8th power." 

■ ' ■ ' ■■' ial 

To fina e-* *E nmst'mtiitipry foirt siies continuallj together. 

To find 13-^ «B must muUiplj nine twelves BontiDoally together. 

The second power of a number is aomeUnles oalled the tquare of 
that number. 

The third pDtrer of a number is Bometimen called the mtbe of 
that number. 

ESEECrSE SXxVl. contiituid. 

13- Tma 0' 9-» O'* also lO'' lO'' 10'» 10-' in-a lO-T 10" 10'« 10*' 

14- Find the flrst sii JoiWra of IS' Rnd the square of 5- 

16- What ia the fourth multiple of the square of ()■? 
Jimoer.ThBllh mnltiple of 9'' = 0' X fl- X i' = 334- 

le- What ia the 7lh multipls of Iha 1th power of 3' ! 
Annwer. The Itb mtaltiple of 8-' = G- X 8- K 3" X 9" X 7- ^ 

17- What is the Bth multiple of the 7th power of fl- 7 

15- Find C'» 8'' IL'" 5'i lO'iiJ 6-i' and 13-" 
19- Find the 1th power of the 4th Inaltiple of 3- 
aOi What is the dth po*er of the sum of i- Bnd 7- ? 

TABLE OF THE FIHST NINE POWEKS OF 10* 
101 = 10- I lO-* = IO,W«J- I 10-7 = 10;(100rfK)0- 

i<>-'= 100- lO'' = iiio,ooO' io-B = loojonOiCoo- 

lO'S = lOOIf I 10-8 = 1;1X)0,000- | lO-' = 1,000; tlOO.OOO- 

In the above table it will be remarlted that the number 
df ciphers in any pO*eT of 10' la equal to the index of 
that power. 

The Ist power of 10- (or 10->) fe 10' 

where Index ^ 1 ; No. of uiphera ^ 1 
The 2nd power of 10- (or 10'») is lOO- 

where Eiponent = 3; No. of ciphers = 2 
The 8rd power of 10- (or 10') is ioOO- 

where Exponent = .1; Ko. of ciphers = 3 
.'. Any poiver nf 10' U at once eitpressed hy making tip 
thi nuinbcr of cipkeri between the significant figure and the 
decimal point tqual lo the Index of M^tiint of th» pdvitr 
ri^ttired. 

MULTIPLICATION BY ANT POWER OF lO" 

Principlb it. (page 26') informs us that, "In the 
Dscimal Sjstem of Arithmetical Notation, each digit has 
one tenth of thd value it would have in the nest plaoe 
to the left." 



M0t.lriFi.ic ATI oir by 



OF lo- 



ss 



TheTefora. to increase ihe ralue of anj* digit leu limes, 

we liave only to remore thut digit one place to tlie left. 

And if we thus increase ten limes the value of evefy one 
of ft line of digits, wc shall have increased ten times the 
number espresaed by that tine of digits. That is, we 
atiall iiaTe tnultiptied the number by 10' 

.-. 614385-7029 x 10' = 6143857-029 

,■. The tenth multiple of a number is found by remov- 
iDg every digit one place to the Ivfl. 

This is, of course, the same in effect as removing the 
Decimal Point one place to the right. 

Similarly, we find the lOOtli multiple of a No. by re- 
movin); each of its di^ls two places to the left. 

Similarly, we find the 1000th multiple of a No. by re- 
moving each of its digits three places to the left. 



&C. 



&c. 



be. 



In other words. 






M*iepl)ingby in-i 

„ by 10'» 
by 10« 
by lO-" 


Ifflh 
lOnO- 
10000' 


1 Bveiy digit one place to the left. 
,, „ (WD pluces to Ihe lert. 
„ „ three places to tha left. 
<) n /oic places to the left. 






Principle VIII. Malltpli/itiff by ang poioer of 10- re^ 
movei every digit of the Multiplicand to the left at many 
plaoe$ an there are ciphert in the Multiplier. 

When llie MultipiicOQd coDeiiita of Integers only, it is multj[died 
by 1(1- by inserting oni cipher beln-een its right-hand figure and 
Oe Deoima] Point. It is mnltipbed by lUO- by iuserting two 
"-|faiBre. lUd «o on. 

SlSl- >< 10-= fllSiO- I 6I84.- X 10(lOO-=!i B1B40000' 

B184- X 100- =. oiaioo- 0184- X loonoo- = flisioodoo- 

B184' X lOOO- = eiSlOOO- I 819.1- X inOOOOU- =■ 01B4000000' 
and so on ; nlwkys inserting betveen the nHht-hand flgurs of the 
Uoltiplicnnd and tbe Decimal Point as many ctphcri at there are 
in the AtalliplUr. 

Bnt, if the MuJ^plicani] eontain Decimals, it is multiplied by any 
power of ID- by removing the Decimal Point at many plaeel to the 
right a» ikete ate eiptieri in the Mulliplitr. For, removing the 
Tecimal Point to the right, of course, Temoves every digit to tbe 
Itft, beoaube plaaes of digits are oonnted irom tbe Decimal Point. 
B184-3319 X 10- = fll843-aiB 

fliM-aaie x loo- = uisiaa-iB 
aiSi-aaiB x looo- = eieiaai-g 

6i9t'3Sl» X tOnoO- = B1813919' 

6iei-8ai9 X ifKiooo' = eiewmgo- 
eiM'8ai9 X iDooooo- = aiwsaifloo- 



ION OF COMPOUND FBAOTIONS. 



MUIIIFLICATIOW OF AHT NUMBER BY A TBACTIOW.' 

Multiplication of any number is finding the sum or 
amount of as many such numbets as there are units in 
the mulliplier. Therefore, when the multiplier is only a 
Fraction of a unit, we have to find l/iat Fraclion of the 
Multiplicand. 

.'. 8- X 4- means, " Find what four eights ate equal to." 
and 8' X i- means, " Find what one fourth of eight is 

equal to." 
.-. 8- X i = i of 8' and. by Pki-jciple vi. (page 42-) 
8- X i=i X 8- .-. i X 8- = iof 8- 
In the same way t X i = -^ of i- 

tXf = torf = ixi='-fofS 

Peinciple TS. The icord "of" between nnmberB has 
the same meaning as the sign of muUiplicaiion.* 

Therefore, to find the product of i and ? we must find 
the Simple Fraction which is equal to the Compound 
Fraction S of f (See pages 15- & 16') 

Take a unit-square, as ABCD (Diagram !■), and divide itb3f bm 
vertical lines 



seventliB. Divide eacli of A 






DiaRTun 4' 


those seventlis into eight 
equal parts bj seven hori- 
zontal lines drawn uuite 
across the unit. 


-• 


— 


-^ 




in tba whole unit f, like 


— 


- 


— 




Ae, each containing eight 




fifty- BiiDfiieaelaatpieoea 
in the nnil. 






4 


We here remurk tbut 








rimple fraelion u f/u pro- 










tors of the compDund ^ 











fraotioTt. And this n 
always be so, for whatever number of parts jou cut each of tlie 
flrst^fonned fl-ietions into, jo many tima will the noinber of pieces 
be multiplied. 



L 



quBl to tbe prodDSt of th 



1 



BEDUOIION OF OOUPOUND FBACTIOKS. 

Ko<r, A/'ia i ot the anit, anil contuns eight pieoes of tbe size 
ofAh. , 

.■. Aft is i of ?, which, being 3' times as mncb as J of f , shonld I 
= die triple of A-g, which is j of i or jV ■"■ -*'' fhoulcl = ft 

The Diagram ghe»3 this to be tme, for Ah contains three pieces 
'"aAg. So that AA is = A .-. Joff = A 

" aatly, i* is i of f, for it contains Btb pistes of the size of Ah, 



Aft = five times 



90 



kX6 = 



I X a 



Sfi 



lad this result is proied hy the Diagrsm, where Aj; is 
I, and Xk contaiDS fifteen pieces lilie Ag. 

6 , 3 _ a X 3 _ 15 



Sow, by PtuBciPLK □ 
[ And, by Priscitle ti 



(pogefiB-)S X » = Sof !: and 

f X t = f of I 
(page 43-) ^ X f = t X i 



fiX3 
7XB 

.'. iS is the simple fraction = either of Che compound fractioDS 
f of i>, or f of f. And a is also the product of the tractions f 
and^. 
Bj dmdnig eaoh of the Stths of Diagram i- into thret equal 
might shew the Iruth of the following si ' "" "" 

'i „f •> nf 1 _ 3 X T X 1 . 
8X8X7 



Kb.! 






ofiof 



ot-^ 






and many others. 

The word "Reduce" in arithmetic implies the changing 

of the form of a quantity without altering Its I'alue. 

Thus, if I write £1- ss 3411- pence, I have cut chaoRed the vaiae 
of the sum of money spoken of, I have merely reduced £1- to 

Again, if instead of the compoond fraction f of f of (, I write 
the simple fraction which is of the same value : namely, fft, I 
have performed Che reduction of the compound IVaction to its egui- 
vaUjit simple (faction. 

To reduce a compound Jraetion to iti equivalmt simple 
fraction. 

First. Find the continued product of all the numera- 
tors. Thia product is the numerator of the simple fraction. 




Second. Find the cottllttued prodUbt of all the denomi- 
nators. This product is the denominator of the aimpte 
fraction. 

EXERCiSE xxstn. 



UPbE FKA.CTIONS. 



1- What Bimiile fraction is eqtial to } of A? 



,- Eipresa as a simple fracdon J of A of A of f of fj. 

6' Sliew from Diagram i' as alreadj divided, ^^^ 

tliat i- of j of I = ^ : and tbat ^ of 1 of f = jV ^H 

6' Prove also, ttoin Diagram !■ as already divided ^^^| 

tbat ; of f == fS 1 thatf off of f ==)!; and ^H 

that iotioi\ = ^. T^M 

1- Shew also that •{, of S of f = -is; and that t^ of f of J ^ff^ 

IntegerB ezpreseed as IVaotioaB. Since the denomt- 
n&tor of 3 fraction expresses the number of pieces into 
which the unit ia cut, and integers express units undivided ; 
therefore any integer ia the numerator of a fraction whose 
denominator is digit 1 

Therefore 6- may be written f ; 

19- = -V; 235- = ap.; &e. ^_ 

EXERCISE XXXVIL contijMtd: ^^| 

8- What eimple frootion ia equiyalent W) J of {| of 18"? . .^^| 

9- Reduce to its equivalent simple traction ^ of ^ of J of B^^^^ 

10- Eipreas as simple traedona iV of ^ of ft of H- and 

A of H of 46- 

11- Whatar6-^offt;-AofTU! -A-of-A-i ft of sfcl =? 
IS' What are ^ of jgi,; ^ of-jiiff-; i^ of laS* ; i^of njlitij =? 
13- Whatarei^BofraoJiSaof it&; iSijof nfiag; j^aof nSoa^? 

To Multiply Integers or Vulgar Fraetiom ht/ Fractiohi, 

First. If any of the factors be integers, put them into 

the fractional form, hy putting under each the dehomi- 

Second. Find the continued product of all the nuitie- 
tators. This ia the numerator of the product- fraction. 

Third. Find' the continued product of all the de- 
nominatora. This ia the denominator of the product* 
fraction. 



If ULT I PLICATION BY POWEBS OB 1 



EXERCISE XXXVIll, 



' Und Ha product of i Sc S, also of i It A-, 

,, ,, ot f, f , 1*1 & A ; also of i. iV, & f - 
itateAXiVX V X 8- = ? 

Vr X A X 1 X V' X 12- X A = ? 
tV X iV X 3' X ? X V = ? 
AX V X 16-X I X 3- = ? 
■ What we 5- X A ; S' X tH; 5' X nfini = 

„ SO- X A; SO' X tH; eo. x tAti = 

„ 600- X A ; 500' X zU I 600- X niS-B = 
„ 5000- X A; 5000' X r*tr; 5000' X nht =? 
„ A xAo-; A XtH; A Xn>'(nr; A Xinfo^^ 
,. TSKXAirgTiXT*T;rtirXTATi;iSiFXBft»=5 
Because, multiplying any number by a fraction is the 
same thing as taking liat fraction of the multiplicand ; 
and because, by Pbinciple iv. (page 26-) "Every riiai( 
hat one-tenth of the value it tvould have in the next place to 
the left, and len-fold the value it would have in, t/ie next 
place to the right;" therefore, to multiply a number by 
A. that VH, by "1, we have only to remove every one of 
its di^ta one place to the light. 

.-. fiiei-saia x -i = eiS'iaaio = A or ^i%^-m9 



But th: 



And -.- aiH 


imia X '1 


= 61-813219 




.: alao, BlfU 


3310 X -01 


= 61-8^-211) 






(EKhdWM,m 




rlBhVI 


milarly, BlSl 


3'illl X 'OOl 


= e-isiaais 








1D^lr) 


eiflt 


9319 X -oom 


= -Biewaia 








0184 


3219 X ■mxii 


= -otiiaiaais 






lEUh li«lt bebi ieii(av«tJlH i>lu>i U tic 


riiSVi 



Hence, multiplying by digit 1 in any place of Decimala, 
merely removes every digit of the Multiplicand to the right 
as many places as t^e inuUiplying digit is to the right of 
ttie Decimal Point. Andi coBBCquentlji the ^t(mbei of 
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60 Mirr.Ti PLICATION by 1 ik ant place. 

Decimal Figures in the Product is equal to the 

the numbers of Decimal Figures in the Multiplicand and 

in the Multiplier. 



Com biding these 


example 


s vitb those given 


pEiNCiPtB Tin. (page 55-} 


xe find that 


6181-3310 X lOOOOO' 


^- 61813*100- 


6184-821!* X 


OOOO' 


= 81843a 1 9^ 


ei8i-3aiu X 


1000- 


= 6!843ai-9 


aiB4-3al9 X 


100- 


— 618i3a-lB 


6l84-.Sal9 X 


10- 


= 0IH13'219 


6184-331 n X 




= nl 84-3319 


6]84'3ai0 X 


■X 


= 618-43'ilU 


01813919 X 


■01 


-= or843ai!i 


eiei-fuiia x 


■001 


= 6-1813alB 


6181-321 D X 


■0001 


= ■81843219 


8181-3211) X 


•0000 


= ■061843319 



J 



And BO on, eiteeding the table either apwarda oi down\ 
PfiiNOiPLE X. Mttlliplying hy digit I, standing 
hut Ihe units' place, merely rernoves every digit of the 
multiplicand to the right or le/i ai many placet as the 
multiplying digit is from the uniti' place. 
EXERCISE XXXIX, 



AB3TEACT NDMBEKH. 

1- Multiply a4'316 Ly ■001, by -01 ; by -1, by 10^ and by 

B- „ 613-54 by 100^ and ■Ol bj lUOO^ 

3- „ 'OOi by -001 and -01 by -01 

4' „ !■ by -01 

B- Wbat are '01 X "001 X 48- = 7 

6- Find the contiDaeii product of 61'8 and 100- and '01 

7- Wbat is the 10th multiple of ■Ol and of -1 ? 
8^ Multiply -0001 by 10000- and 6432- by -001 
B- „ 61- by -000001 

10- „ 3'1410 by lOOOO- 

11- Find tJn of 014321-643 

1 a^ Raise A to its fifth power, and tBJhjo to its fourtb poi 
13^ "What is the lOOth Multiple of -OOdJO ? 
li- Whtttia the 100th Multiple of ■06121385? 
15- Raise "01 to its 8th power. 
16' rind ■001*; ■OOOOl'i imd 'OOOl" 
!?■ Mnlliplj ■! by -1 and -6 by -1 also -00 by -l 
18' Multiply 3416BB by 10000' by JOOO- by 100' by 10- by I- 

hy A hy -rtir by mVir "^y Tshm and by -rir^vTrs and 
arrange the ten products as in tbe aboie table. 
10' Find the coalitmed prodnet of SB- 1000- 948-6 and jJb 
20- Find the contintied product of 64' 81- and '001 
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BeCAPITCLATOBY £XEKCISE. 61 

EXERCISE XL. 

' COMPOCBD FEiCTIOKS, 



BEBS. BECAFIIULATOBY QnESTIORS. 
1- What part of a shilling is 1 of ( of a Bhilling? 
2' A mail bought j of a cheese, and roaiid j of tho piei^e decajed ; 

(whnl. part of the whole cliefge vas that? 
!■ AshitUneis ^otl-£, a groat is lorashilliiig.iindS'fRrthinga 
■ are tV°f agroat 'WhsCportora shilling are three tulimg», 
I and what part of I'i'? 
raitret/aTthingiaTtAofi of a thnHnB = o/aihilling! 
M' ... „ ftofjor^of i-f = ofi-i-.f 
K* At I oF a sbiUing perj'ard, what would 37* yards ntenlico coat* 
" The coit of one articU X any No., iheat the cant of that No. 
' of arlicUi. 

.: Coil 0/ W- yd$. = ^- X il- = l^i? = ^ o/ a ./.lilinjr, 

5- At the aune rate, what wnnlcf } of a ;ard cost? 

8- At A of a it. per yard, what would f of a yard of clolh cost? 

7- Whar part of a crown ia f of giipence? 

Wrife amtceri to the falloaing qutftiani. 
»• ■WhatismultipUcatioaf 
&■ Explain Ibewords*'MultipIiGaad,^iillJplier, Product, Factor," 

and •< Multiple." 
lO- Shew, by arranging 63' units, that (I' IJmea 7- ■= 7- times B- 
!!■ What principle does this fact illuKU-Bte * 
12' Desorihe the nign of muRipli cation. Moke ir^ 
13' How in a multiple found? What a the quadruple of any 

number? 
It; "Four tiraea eight arathirty-two." Eipress thie arithmeUoallj'. 
18' Thirty -two here haa (hr« namea. What are they? (Page «■) 
16' What nuiobers are called conipoBJlo? 
IT' What are lliose numbers ealled whiah are 
IB' Whicli of llie following tiurobers are compflsito : au- S4- 32' 

04' 3!l- 81- ei' Sa- 3S- 93' 108- 11^' 
19' What is the multiplication labia? 
aO' How would you find tho donble of any number f 
31- In multiplying one nnmlier by another, which of them would 

you employ as multiplier, and why ? 
S3' How do you multiply a fnu'tion by an integer? 
28- wist multiple of B- is fi- times 5- ? 
a4' What is meant hj Continued multiplioaiion ? 
95' What is lie continued product of equal factors called? 
20- How do you find the ninth power of It' ? 
27- What is the lode); or Eiponenl? Where is it placed? What 

does it point out? 
23- Eipresa arithmetjcally that tie fifth power of two is equal to 

Ihirg'two. 
9fl' What ia Iha number of ciphers in any power of ten eivM^Vot 
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SIMPLE AND COMPLEX TJNIl 



BDth multiple of ■ 



led- 



30- How may anj power of ten fao al 
3L- Bj whet easy metliod can joa 

number t 
33' What other multiples can be founil in a Biiuilar way ? 
33- When you multiply by any power of TO' how does the prodnol 

differ from Ihe roultiplicaiid? ~ " 

31' What does multiplying by a frsotion m 

3S' WbaC word between □umbem has the same meaning as X^^ 
Sfl- Wbat does the word "Reduce" menu in arithmeticf , 

87" How is a compound fi-acdou reduced to a simple fraction? 
3tj* Hv wbat means may the truth of this reduction be proved? 
3B' How is an integer put into tbe form of a. fraction ? 
40- Haw h one fraction multiplied by another? 
41' If any number be rauIcipUed by digit I in any plare of deoi- 

mrUs, how will the product differ from the multiplicand fj. 
43- What general principle does this fact form part of? 

EXTENDED BIGNIFICATIOH OP THE WORD " 
SIMPtE ASI> COMPLEX UNITS. 

On the first page of this book, it is said that "a unit it 
any single undivided thing," This is the true meaning of 
the word. But it is frequently convenient to consider a 
collection of things as one, and to call such lot or collec- 
tion (for the occasion) a unit. 

To distinguish, then, between tliese two kinds of units, 
■we will call the true unit, (that is, " any single undivided 
thing,") a Simple ITnit. 

Any collection of unite, (when (inch collection is to he 
regarded aa one,) we will call a Complex tTnit, 

Thus, a pair, a couple, or a brace, ia a complex unit, conei!tlmg 
of two aimple ■anitu, A doieti is a complex unit, coalainlug twelve 
simple units. A groii ia a larger complex unit, comprising twelve 
dozens, or one hundred and forty-four simple units. 

A hundred soldiers constitute a Company. Tea Companies, or a 
ihousand soldiers, make up a Eepiment, A number of IteginjeclB 
of the same kind form a Brigade. Two or more Brigades make a 
Dtvition, And, somelimes, there ore several Divisions to make up 

Hence, Arniiea, Divisions, Brigades, Regimeiila and Companies, 
(vhen spoken of as single tbingx,) are complex units, made op ot 
the simple units, individual soldiers. 

The practice of treating collections of things aa complex niuts 
is very convenient; for it enables us to express large quantities in 
fewer words or figures than if the whole number of simple units 
were always to be named. If it were not agreed, for example, to 
call every collection of 1760' yards one mile, we should be obliged 
to describe any distance, however great, in yards, which would tie 
an extremely unwieldy and inconvenient method. For inslance, a 
distance which is now shortly expressed as 23- mile^ conld Ih en _ 
only be expressed as 33730- yards. ■''"^•'■a 
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MCtTlPMCAIIOJJ BY a COMPOSIl'E MtTLTlPLlEH. 

Explanations of arithmetical processes are also Fre- 
quently made more simple and clear by considering 
collections of numbers as complei units. For example, 
conaidering leven aa a complex unit, it becomes evident 
that 

i- + 6- = 12- .■. 6- seiens +6- seven3='12- lentni, 

h is the same thing as saying that 
6- sevens jt 2- or twice six sevens = \2-ieveni. 

H 12-= 7- X 6- X 2' or, (by Prm, vii. p. 53-)= 7- X 2- X 6- 

n, ■.■ 3+3- +3- + 3-= 12' 

sevens + S- sevens + 3- sevens + S- sevens = 12' sevens; 
that is, 4' times 3' sevens = 12' sevens. 
or, 7x12=7 X 4- X 3- or, 7- X 3- X 4- 

CoTTespondlng Factors. When a composite number 
(see page 43') has more than one pair or set of factors, 
those of the same pair or set are called corresponding 
factors of the composite number. 

■12' has tiro pairs of factors, ona pair being 1' and 3'; and Uie 
, other pair S- and 3' 
»4- H the factor of 13- oorrespnnding to 3- anil 3' to 4' 
6* is the fhotor of I'i- correspondiiig to 2' and *j' to 0' 
K' hia three pairs of factors: first, fr and !)■; sBoond, !)■ and !■; 
third, la- and 3- 
.'. 6- is the fftotor of 36- corresponding to 8' 

9- is the factor of 36- corresponding to 4- and 4' to 9' 
!«■ ia the factor of 36- correapouding to 3- and 3- to la- 
Now, we have seen above, that 

7- X 12- = 7- X 6- X 3- or = ?■ X 4- X 3- 
That 18, the product of 7- and 12' is equal to the eon- 

IUed product of 1- and either pair of corresponding factors 
12- 
rbia fact may be proved very clearly by adding 12* 
m* in a particular uriangement. 
l^rst. To shew, hj addition, that 
7- X 12- = 7- X 6- X 2- or = 7- X 2- X 6- 
4- 7-4- 7-+ ?■+ T-+ 7-=13' Here it ia SEBD that tbe 
-I- 7--i- 7-+ 1-+ ^^\■ 7- = 4:3' sum of 8- b™*7u = 42- 

».+u'+u-+i4-+i^-+u-=ai- ^^.^^.{^^t'r'"^*' 

It is also seen that the auni of 2- lereni = 14- 
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MPOaiTE KULUPLIEBS. 



Second, To skew, by addition, that 
7X 12= 7-X4-X3- or = 



T+ 7- + 
7-+ T + 
7-+ T- + 


■+ 7- = ae- 

7-+ 7'=a8- 

-+ 7'=a8- 


ai- + ai-+a 


■ + 31- =84- 


. 


■ X la- - 7- ) 



1 



=13'ti 

= T- X 3- X 1- 

If we take any other Multiplicand instead of 7' and 

any other Composite Multiplier instead of 12- we shall 

come to a like result. For instaace, we may pra\ 

above, that 

19- X 24- = 19- X 12- X 2- or = 19- X 2- X 12- 

= 19- X 8- X 3- or = 19- x3' X 8- 

= 19- X 6- X 4- or = 19- x 4- x 6- 

PitiNCiPLB XI. The product of any number and a 
eoft^otite multiplier is equal to the continued product of 
thai number, and any set of corresponding faxton of the 
eomposile multiplier. 

Compare ibis with Prindples ri. and ni. 

To multiply apy number hy a composite multiplier, having 
only iieo factors, each of which is less than 13'* 

First. Multiply the multiplicand by any factor of the 
multiplier. 

Second. Multiply the product by the cotrespoDdjng 
factor of the mid.tiplier. 

Example worked our. Multiply 3142'586 by S4- 

21- has three pain of factoFS less than 13' therefore, this 



example may be worked in aii 
PixaL 
814a'580 


wajH. 

3i4a"a8a 

12570-344 






188as-Sie = 0' lira 
754aa'<Hi4=24- tim 

aii3*&8e 


8 314aTiSfl 


= 4- 


time? 3142-688 


s 3ua-fl8e 

a 314a-596 


7aii-.i-0M 

Fonilh. 

3142-688 

3- 


= 3.4- 


tjmeg 314a-588 






times 3143-688 


T54aj'0ll4 - 24' dm 


a 3143-586 


T54ay-nfl4 


= 24- 


dmes 814a-6Se 








yet, DnljdfloidBi.lieliie 


.NBmtl??a''o 


this Itmiuito 
innolCuiBpo 


Sitell] 


oeskiiig it smong 



MnLTIPLlCATIOK BT DIGIT IN JLHTT PI^CE. 



L1'D32 = 13' times 31ia-eSS 
2' 
12'0B4 = 34- timea .t)13-S8G 



754WUUJ = ai- 1 



n fortpoirig examptt. 



■• Whst ai 



E3tEBCISE XLI. 

L FEACriONS By COMPOSITE MULTIPLIEKS, HAVING 
O FACI0B8, BACH BEING AN INTEGEE LEBB THAK 13- 
IbacA Hiw of the icork to be dtKribfd a> 
ach example Co be workid in at many a 
• Uultipl; 33ia'43al by Sa- I 0- Multl- 013ei31-eS3 . b; i6. 
B13(U'71S bj as- 7- „ 7C«O0aB by 88- 
173(MU'8& by 37- 8- „ 0l3134-M71Bby 90- 
64321-08761 bj ai- 9- „ 4871301-78B1 by IM- 
„ B831Hfi-!il83 bj3a- llO- „ SUfi'Wa bj 132- 

' Find the laib multiple of 43431-3313 
What ia the produot of 6148BS-ia Mid 54-* 
Rune 24' to it£ fifth power. 
FiDd3fl'« 42-* 81-* m-' 31-« 

the continued product of 10- 48- 3fi- 141' BQil 72' • 
'6 842a'lR X 86- X 7?' X 35- = ? 
143B9'ai8 X 63- X IS' X Ml" = ? 
7430-154 X 81' X 108- X 32' = • 
IB- „ 349B18-a3 X 33- X 65- X 14- = 7 

MTII.TI PLICATION BY A SINQLE TIGIT IN ANY PLACB. 

Suppose we be requiied to multiply 64832- by 20- 
' a Composite Number, having the CotreBpond- 
FactorB 2- and 10" 

64832' X 20- = 64832' x 2- x 10- 

But, "Multiplying by 10- merely lemovca every Digit 
one place to the left." Pbincift.b tiii. page 55' 

Therefore, to multiply G4832- by 20- we must multiply 
by 2- and, as we proceed, set down every figure of the 
Product one place lo the left. To multiply by 200- we 
multiply by 2-, and set every figure of the Product iwa 
places to the left. And ao on. 

Again, because -2 =-iV of 2* (Pbinciplb it. p. 26') 

Oi& Multiiiles cuutained in the MnltipllciUou Ts\i1«, wliece Bisry facUr li 

other lUMiis.lie sfaal] becomB compewot i" icir.i'i iW '•.Mr.r, nf hi'oh.. f,.^ 
. panta Namlmn thEiQ thoae hera tteued 
— "— i( Priaalpls li. 
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66 MULTIPLICATION I 

Therefore, (by Pein. ix. p. 56') '2 = 2- x -iV = 3- X 'I' 

.-. 64832- X -2 = 64832' X 2- X -1 

But, "Multiplying by '1 merely removcB every Digit 
one place to the rigbt." Pri\oifle x. page 60' 

Therefore, to multiply 64832' by '3 we must multiply by 2- 
and, as we proceed, set down every figure of the Product 
one place to the right. To multiply by '02 we multiply by 
2', and set every figure of the Product two places to the 
right. And so on. We see then, that 
Multipljingtytouremovaa Digits of Product ona place I 



bj hundndt „ „ two plaoes 


to tbe Uft. 




to the Uft. 


lea. Sea. &.C. 




by Untht ramores Digits of Product one tilace t 


a the riff A(. 




oi.\,B right. 




the riff Al. 



PhiscipleSII. In multiplying hy any Digit itanding in 
any but the units' place, each figure of the product must be 
moved to the right or left at many places at the tnultiplj/iag 
digit is from the unitt' place. 



61838- X 2- = 1*0891- 


64832' X -2 = 


12906-4 


ei«33- X 80- = lS00B4n- 


6483a- X -oa = 


ia9B-64 


84833- X aOO- = IHBBeiOO- 


64833- X 'Ona = 


l-i9-n64 


ei^S'i- X aooo' = xauBSiooo- 


84883- X ■O0Q3 = 


la-iieat 


ice. ica. Ac. 


*o. &c. 


*0. 


-ei833 X a- = 1-28804 


■84833 X -3 = 


-130684 


-ewaa x ao- = ia>9ee4 


-84883 X -[13 = 


'UlSn004 


-84832 X 30n- = ia9-fiB4 


-e4fi3a X iwa = 


■nol3»664 


-eit'.isa X aooo- = ia900i 


-6483a X -oooa = 


-OUUI 29604 



Here, we again remark what was noticed on page 60-, 
namely.that " When Decimals are multiplied by Deeimala, 
the Product has as many Decimal places as the Multipli- 
cand and Multiplier together have." 

We notice, also, that in multiplying by Units, every 
figure of the Product falls under tbe corresponding figure 
of the Multiplicand. Tbat ie to say. Multiplying by a 
Digit in Units' place neither removes the figures of tha 
Product to the right nor to the left. 



To multiply any number by 

12J in any place of Integers or 

First. Arrange the Multiplici 



ingle Digit (or by 
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MCITIPLICATION BT DIGIT IH ANT PLACE. 67 

decimal point ander decimal point, and draw horizontal 

Second. Place beneath this line a decimal point under 
the other two. 

Third. To the right of this decimal point, wiite as 
many ciphers as there mill be decimal places in the 
product. 

Fourth. Multiply. And as you find each figure of the 
product, set it down as many places to the right or left 
OB your multiplier is from the units' place. 

Observe [hat U or 12 wQl be reckoned as in the place 
of their right-hand Digit. For 11' = eleven units, 110- = 
eleven tens; 1-2 ^ twelve tenths; and so on. 

FiKST Example woeked OCT. Isikoess x Inte- 
GKRs. Multiply 3894628' by 800- 

Example Here, the iDultipl^g digit 8 in Eioo plocM to tht 

oompLeud. Uftof Unit!. Therefore, iasart Two ciphem in the 
first and second places of InUgera of the prodnoL 
Then, mnltiply hy 8, aetling each figura of 
produot two places to the left. 
p570240_0' = /'rorfac( of the /acton 3894628- and BOO" 
= aho moth multiple of 3894628" and = 
also 8894628(A multiple of 800- 

Principle vi. page ii- See also page 43' 

|"Seoohd Example worked oct. Integebs x Deci- 
MuUiply 3894628' by -008 

Hero, the multipljing Digit being three placet 
la the Tight of Units, each Digit of Product must 
go liiree placet to tlie right. Hence, the Froduot 
nill have tkrit placet of Decimala. 

Thi>refare, place three ciphers to the right of 
Decimal Point of Product. 

Then mulliplj by S, setting each Digit of Pro. 
duct three places lo the right: of course sub- 
Gldtuting signilicant figures for the preparation- 
ciphera, when necesaary. 

^81157024 = Prodtict, ^c = aUo to'btt part of 3894628- 

(Peimciple IX.), and = also 3894628(A j 

mtllliple of ttAtb 

From these two Examples we observe that, when the 
Multiplicand consists of Integers only ^ the first Digit pro- 
•duced by the Multiplication falls under the Multiplying J 
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MPlTIFtlCATION B 



S iSY PLACE. 



Thibo EXA11PI.S woHKED orT. Decimals x Ihtb- 

OEEB. Multiply ■3894628 by 800" 

EiamplH Here, the multipljiiig Digit being two phteet 

prepiired. to the Uft of Units, each Digit of Product will 

'3894628 go tKo plaeii to tht left. Aud aa the Mullipli* 

800' cond baa seven Ducimsl Places, Ihe Product will 

.n>i,)Q,i have five. 

_ "'^''"''_ Therefore, pkoo Jive ciphers to the right of 
Eumtile Decimal Point. 

ogmpletBd. Then multiply by 8 and aet each Digit of Pro- 

■3894626 duct two placea to the left, snbsiitatiug ae before. 



311-57024 =Product, ^c. 

FoOETH Example worked out. Dboimalb X D; 
MALB. MulUply -3894628 by -008 

Esmuple Here, Fiince the multiplying Digit 

pivpured. placet Co the Tight of fniti, esoh Digit oFProdunt 

'3894628 must go three places la the right. So that, as the 

■008 Multiplicand hoa twen Decimal Places, tha 'Pro- 

■"""'M '"CiTpt™ ..« oipl,™ I. lb, ri.h. .r 
E^iaisple . Decimal Point. 

ooiDplBtBd. Then multiply by 8 and set each Digit of Pro- 

-3894628 duct three places to the right, sabntitatiug as 

■008 before. 

■0031157024— Product, ^c. = aho -nftnr of A'AVVW 






Fifth Example wokxed out. Ihtbgebs x Vul- 
UAB Fractions. Multiply ^^V by 900" 
This is, of course, the aama as fiOU- X AW PnnioiPm iri. p.4a- 
aa4 684' X 90Q- _ BISflOQ BSi 

aSOO ^ ''°"' ^ 3589 ~ 3589 ~ ^'"' ^ 36(19 



Sixth: Exajtple wobkbd' out. Vuloak Fbac- 
TI0N8 X VcLOAB Fbactions. Multiply if g^ t by g-Jj- 
38J 000 OOP 384 _ 364- X OW' _ 3156llO 
XIOOO ^ "059" °'' "Bofl"'^ 1100ll~11000' X BS8- ~ TiJiBUO' ^ 



EXERCISE XLn. "^B 

MXTLTIPLICATION OF ANT NTJMBEB BT A " 
JIT, {ok by 11 OB 12J IN ANY PLACB.OF 

DECIMAL! 



MDI.Tl PLICATION BY DIQII IN ANY FLACE. 69 

Before icorMng any of the feUaioitty Exam-pUt, read thtm all 
dowrt, arid nIoM in loliat place the t'inl Digit produeed by inuUipty* 
ing m taxh laiil.he put. If the Froduci mill havt any Dteimal 
Plaett, itate how many. 

i- Whatare6Be81913-X8000' 



■waaxfoiar 
ii'Multipij -ooftiaflfl by loooo- 

la- „ -0408811 by ■008 

13- „ WlrtS'STB bj i-a 
14' „ flW8>35 bj 1-1 

lO' „ -005 If («33-fla 

79UU-B80 bj lauo- 



What are 31ieaa-X20'' 

,. „ 918S43H-X-U&? 

„ „ fttaa-isixiO'* 

„ „ aMa-asx-iwf 

„ „ i483-eoaix-iH)ia? 

„ „u543ai5-oxaori-F 

„ „eal613-75X110(K>' 

„ „0iy3-6-i54x-onciii 

Find Ibe Continusd Produot of -M, -09, and -nOfi 
„ „ „ o(3H-4fl. -IJl-i, and-Oll 

„ „ „ of S-Uia, -fl, ll■and4(«■ 

„ „ „ of U13-16, -OOfl, -IIOI, and 13- 

MuJtiplj eva-ias by iO' by 'Ud. by UK)- by '004 by 4000' and 
by '(1004 

Kod ihB fourth power of "D, and of 'Ofl 

Raise liU-Hi! [u its yoth mattiptB, nod 4ft' to its bihpoaer. 

Involves In iL.. mil power. 

Muktply iVo t>y l-l"> liy 0(X»' by 80- and by 70- 

What U the Cnrilinued Product of JJ. gj. and ^? 

Involve to its eiBhtii po»ei- -fi, also 'OH and OO- 

Findi^irf aia-JlOB 

By Pbinoiplk n. p. BB- yAo "f SiSS'ies = 848a'lB8 X tAb 
= 34Ha-lfia X -IKMI 

What BiTB -fA Df 943*49'845? 

Beqnirpd elevan teD-tbousandtb purtx of flia- 

find thf of 71420038; and i;,^ of 940-804 
CONCBETB NUMBEBS. 

■How many BrticleB are there in 0Si735O- BCOresT 

How many shUlingB are there in £(l43-2&-? 

Reduce i,tl4a- IS'sto idiillings. 
Sere you mullijilj/ the poundi by 30- and linn add the lu-i 

Ho'ff many pounds weight in 400- Tons ! 

Set EnEHCtBE XXXn, EliMPLE 5- 

What apace in onbio inches would 4'K> gftllono ot water oceupy? 

See ExEBOisi lumv . Exiuplb 37- 
Hpw many feal at^ there at ;B0O- miles ? 
Sixieen ounaes make I'lb of grocers' goods. HovmanyouniMa 

Multiply by lli- ae a Composite Tiumfter. 
Fourteen lb. mijie 1' slotie. How many pounds in M9' stone r 

14' u a Compoiite aamber. 
WliatwouldauOO' sheep cost at A3' shilliags eaeli ! 
How maqy pence wonld 130- bogs contain, each holding £0429- 
Itcdacc the pounds to thillingi, then rediiee the skillingi to 
penef, then muUiplij by 120- For the numbtr of pence in the 
bags it equal Co the eontimied proAuel of 6499' and 00- and 13- 
and UO' 



1 



iccinruGATiDn »t akt scmbeb. 



U- Sixtj^nHBBitetnAbMV. Beteee fttS-W boots to minutes. 
4> TaentT Cwil B^e oaa Tod. Badma »ISS Tons lo Cwts. 



■ kng- Ho« man; inches in 

[o* Banj iiieli«s in a milt 
ft CwLofnasnl talk. md decimals ofn 
£)i fMsaruE n. r»|rr •/ 1- <SH. = I- Ort. X twSct " 
iu-Alx-doi* rsxpLia-j 

90- A;>iM*«tth^4»»6Ti W8 faaatri ■■img the olHeera and 
€rew of Iba »ietO ii t « ship. Tbe vhole was divided iolo 
UK^ eqatl iihMiii, isd V* •( Ibcse Umes waie sfsigned to 
theCuuiK. WliMaBaKilbMllM' 

61- A person botiuaud MtS-iSS add agreed to pa; to the lender 
£4- a rew iaIerMt Ibr evor £100- lanL How mocta In- 



If one coold immediately think on any Multiple what- 
CTCT of a Digit, (its 3468tli for inslanee.) as one recalls 
the first twelve Multiples of the fint twelve nuubera after 
learning them from the Moltiplication Table, then any 
Example whatever in Multiplication might be performed 
in one line as when the Multiplier is a single Digit. But, 
as this is quite beyond our powers of mind, we can only 
find high Moltiples of a Xnmbet by saccessive stepa. 
We have already shewn what those steps are : 
First, When the Multiplier is a Composite Number, 
having each of its Factors less than 13- Pbikcifi.b 
zi. page 64' 

Second. When the Multiplier is expressed by a single 
Digit in any place of Integers or Decimals ; (or by 1 and 
1, or 1 and 2, in adjoining places.) Peiscipls xii. 
page co- 
lt only remains to explain the general method of mul- 
tiplying by any Kumber lekalrver, whether Prime or Com- 
posile, whatever number of Digits may be employed to 
express it, and in whatever places thoae Digits may 
stand. 

^^ To multiply by any such Number, we multiply by tt » 

^^l separate parts ; first, by its right-hand figure, then bjr tt|j^9 



" next, then by the next, and so on, The Multiples thus 
found we Gct under each other, and then add them to- 
gether. 

Suppose I have to multiply a Number by 678- thai U 
to say, 1 am to ascertain what GT8' such Numbers ivould 
amount to. (See pages 41' and 56') 

Now, considering this number as a Complex Unit, (see 
page 62') it is plain that 

8- such Nns. + 70- auch Nos. + 600- such Nos, = 
678- such Nos. 

Suppose, then, we have to multiply 942361- by 67S- 
^ We find. First, tlie 8lh Multiple ot 042381- = 703»«a8- 
^L „ „ Second, the 70th Multiple of »-1236]- = OSueO'.I7D- 
^V „ „ Third, the BUlltli Multiple of M2361- •= BliMlHOOO- 

^■v These, added together, make the fl78th Moltiple 

^Kg Maafil- = l3aS920768- 

^V To Multiply any Integer, Vuh/ar Fraction, or Decimal, 

^D{|r any Integer, Vulijar Fraction, or Decimal. 

^K First. Arrange and prepare as in former cases. 

^K^ Second. Multiply the Multiplicand by the right-hand 

^BSgit of the Multiplier. 

^^ Third. Multiply the Multiplicand by the next Digit of 

Multiplier, placing this Product under the former one. 
Fourth. Do the same with the other Digits of tha 

Multiplior in eucceaaion. 

Fifth. Add together all the Multiples thus found. 



I 




Example worked out. 
Multiply 942361- by 678- 



Inteoebs X Inte- 



= 8th MuUipU 0/942361- 

= 70th Multiple of 942361-)! 
= 600th Multiple of 943361' j 
= 678th Multiple of 942361- 
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Second Example wobked ou' 
MALS. Multiply 39648- by -985 

Ex. ptepared. Ex. aoinpleted 

39648- 39648- 

■985 -985 



Ihieoexb X Dm 



■000 1 
■00 



[-^M 



198-240 = -rT,W of 39648-, Se« Prio. 
3171-84 = rf-X^ 0/ 39648- ix. and I. 
35683-2 = ^^ of 39G4B- J also.p. 1 



Thied Examplb wdekbd out. 
MAIS. Multiply -8645 by -095 



■0043326 = -8645 X '005 o 
077805 = -8645 x '09 o 
■0821275 = -8645 x -095 o 



- WW^ of -8645 
= rl'U 0/ -8645 



FoDBTir E:iAMPLE woRKBa otit. Iktegebb and 
Decimals x DtciMjitH. Find i^sWo of 943-266 

t^^Wmii being a Decimal Fraction, is written without its 
Denominator, thus, -6425 (See page 18-) 

And -.■ T^'^y^ of 943-265 = 943-365 x -MWr 

PRrNClPLB II. 

■ ■■ AVA of 943-265 = 943-265 X -643ff- 

943-265 ' 943-265 

-6425 -64-25 

■0000000 -471632S = -0005^ of 943-265 

-000000 1 -8865301 = -002 of 943-265 

-00000 37-73060t = '04 of 943-26S 

-0000 56595901 = '6 of 943-265 

-0000000 606-0477625 = '6425 of 943-265 



I 

AND 

I 



MnttiploiafoondJ 
IngilaplacH. (Sea 



FrittenUghUi'iDpBi.oil. 
- ■■ ■ -- -on Df n, 



i-ciphor ocoapj. 
ifl on piper, the 



PmHi:1i-LK It. pngB 3-) ThBT may. thBrefor=, ^^. ^^^^,.. , 
iBt, mill rBDiHkibln iucouB»t«iiCT> anlluu7 DBSge. whioli 

This Bumsls eipoaeB tsit psIpifalT UiB sbBUrdlCy (■< 
E/va mfMr- eilhat of the methodB eondeninsd in tlia notf 



multiplication bt ajft numbeb. 73 

Fifth Examflb wobkbd out. Intbgebs and 
Decimals x Intbgebs and Decimals. Multiply 
7849-35 by 2563-94 



Ex. prepared. 


Example eomplated. 








7849-85 


7849-35 










2563-94 


2563-94 


r 


7849-35 


X 




•0000 


313-974* 


^04 


•000 


7064-415 


^=: 


7849-35 


X 


•9 


•00 


23548-05 


= 


7849-35 


X 


3- 


•0 


47096 1-* 


— 


7849-35 


X 


60- 


• 


3924675- 


■ 


7849-35 


X 


500- 


0^ 


15698700- 


= 


7849-35 X 2000- 


•0000 


20125262-439 


_ = 


7849-35 


X 


2563-94 



Sixth Example wobkbd out. Vulgab Fbaction 
X Vulgab Fbaction. Find §^ of ^ 

614 c ^ 614 ^ _25^ __ 614- x 85- __ 15380 
083 "^ 3164 = 983 ^ 3164 983* X 3164' 311021S 

Seyenth Example wobked out. Vulgab Fbac- 
tion X Integeb. Find ^g of 2462- 

3^3 Of 2462- = ^3 X 2462- = ^^^ (Page 49-) 
.•. ^g of 2462^ = ^^ an Improper Fraction, (p. 39-) 

EXERCISE XLIII. 

EXAMPLES IN MULTIPLICATION OF ANY NUMBEB BY 
ANY NUMBEB ; INTEGEB, TULGAB FBACTION, OB DE- 
CIMAL FBACTION. ABSTBACT NUMBEBS. (See p. 24*) 



1- Multiply 34168- by 485- 


2- 


643-416 by 9462- 


3- 


915421-863 by -064 


4- 


-943549 by 64-32 


6- 


12184-168 by 4005- 


6- „ 


847693-46 by -00842 


7- What 


are 48-6 X 64-09 X '04 = ? 


8- „ 


„ 7483-62 X 9-463 = ? 


9- „ 


„ 96641-848 X 643-9 = ? 


10- „ 


„ -421386 X 9478-6 = ? 


11- » 


„ 614-218 X -347 = ? 


12- „ 


„ 98476- X -00849 = ? 



40" " Decimal nought, nought, nought. Ave. of 943*965 " and " Decimal six thou- 
Mmd, /bur hundred and twenty-five (^T 943*905" are two expressions as ridlen- 
lons as they are unintelligible. 

* Note to Teachbb. The Pupil will remark that a nseless cipher is 
ondtted in each of these two lines. 



74 BACK FIQUKE. 

13- Find the prodnct of fll43ae and riMfes (See pBge ISO 
U- Multiply ^ tj iWA, and HfJ Ly iWi (See Eier. dsri 
15- Ruse m43- (o its &th power, and 8UB-2 to its 3cd power. 
Id' Find the oontinaed product o[ -643, 0S'H35, and 42-8(1 

17- Find the continued produot of JJ. Aft, W and ijl? 

18- Find the continaed product of -0056, -00043 and 21-1 
ID- Roiee dUS-HHi to its 612Uth Multiple. 
^0' Haisa Jf to its 4th power. 

The itk poaer of any number it the eonHnwdprochut of four M 
numbera. (Pttge B3-) 

.-. 4th poKtT ofii = iiXUXitXii^ m' X 39- Vatxw 
= rJmSi (Sea page 67,-) 
31' Of wbat uampoeite number are 642- and BS- t^e corresponding 

faotore? (See page BB-) 
■J2- Find the sii-hnndred-and-fortj-fifth Multiple of nine million, 
nix. hundred and flfiy-two thousaud, seven hundred and nine. 



■ib' How many cubio inahes would B438' gallons of wat^ oooDpTT 

(See Exercise itiiiv. Ei. 37-) 
36- How many inches am there in SiSit- links, each 7-^ inches? 

27- What would finS" balas of goods weigh, at 359- lb. each ? 

28- How much wonld 4(15- chests of lea ooat, at £97- per chest? 
39- What is the united length of C433- pieces of liueu, each 135- 

30' Ho-iV many letters are there in a book con^sling of 14- sheets, 
each sheet forming 34- pages, each page containing 35' 
Unes, and each line, on an average, 43- letters f 

31- How many !b. do thirty-four thoosuid six hundred and thirty- 
eight, cubio feet, aiui ninety-six thousand three hundred and 
eeveDty-fiTB hundred tbouButdths of a cubic foot of nater 
weigh? (See Exeroiae iixiv. Ei. 36-) 

USEFUI, CONTEACTION, BY ADDINB IN " BACK FIGUHE." 

Multiply S9846257- by 



impleted by UAiul metbcNL 



318770056- = 8- limaa i 
398462570- = 10' times 39846257- 
717232626- = 18' times 39846257" 



th^^l 



On esamining the foregoing proceas, 
consists of two steps. 

First. We find the 8th Multiple of the Multiplicand. 

Second. To each Digit of this 8th Multiple we add the 
Digit of the Multiplicand standing in nest place to the 
right. 



BACK FI0DS2. 
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t Tot the 7 is nddeil into the tens- place of Sth Multiple ; 
Lbs a „ „ into lbs hnndieils' place; Had no oa. 
The Digit thus added in is called the " Back Figure," 
because it titandB to the right of, or be/mid, the place into 
which it is added. 

And, by thus adding in each bock figure as we proceed, 
fnot wailing to set it down) ive may complete our esample 
m one line instead of in three. 

The same eiample completed bj the oontrftotad mathod. 
39846257' IQ the flnt place, no back Hgure to add. 
|g. Id tbe pecoud place, add back Rgiire T 
H% nanacni' ^ '^^ third place, add back figure S 
71 7232626' in the foarth place, add back figure 2 and so on. 

EXERCISE XLIV. 
OONTBACTBD 11 BtTI PLICATION. 

Each Example lo I 

1- Mulliplj 4831048- bj 13- 

2- „ 96485-896 hj 14- 

3- „ 8596731-63 by 15' 

4- „ iObaUaS- by le- 
ft- „ 7893843- bj 17- 
6- „ 384etia04S by 18' iii- 

13- Mnlliplj oontiiioally together IB-, 

14- Find the Produot of tJS14, and -18 

15- Multiplj 64381-295 bj 130-, bj 16000-, and bj 1900- 

This contracUon shews how to multiply in one line by 
a Mtdtiplier expressed by Digit 1 in any place, and any 
other Digit in the next place to the right. 

The same method may be used with a Multiplier con- 
sisting of any number of Digits 1 in adjoining places, 
having eny other Digit on the right. Such Multipliers 
"" III 13- 11700- -0001116 11-118 Sec. 

£xAKFi:E 16- -WORKED OUT. Multiply 34SG7-892 by 



'- Multiply (I438D'843 
I- „ 738UI)54<0 
I' „ 364B4-986 
)' „ 17843680-! 
11- Kndilhpowerof 18'iuidofl; 
Blii powarof 1- 



bj -014 
bj ■0(118 
by •■■ 



■■•Ex. 
^P~Krs( 



It, by ordinary method. 



. esddiD 
with -Jnd fig. of Prodact, one badi figure, 
with 3td fig. uf Product, tma hack figures, 
with 4lh fig, of Product, threa back figures, 
with 5th fig. of Product, /our baoh figures, 
and so on, to Bth fig. of Prodact. 

After that we add 
for lOlh fig. of Prodact three back egurea oiUy, 

^ for 11th fig. of Product tinu back figures only. 

86415298-3796 for rjtb fig, of Product one hack figure only. 



1111-3 
10370'3676 
34567-892 
84567892 
3456789 2 
34667892- 



Second, by contracted meliiod. 

346S7-892 
1111-3 



as- 



M buck Hgnra. vill.*Mio. 

LTfebockijgiireB, „ jriffkt, tiinf UDd tit-a, 

lur book flguroe, „ KWH,Hffht.nmeandtwo, 

vrbaokfignrei, ,. tiXimtimirtgMiaidmiu, 

mr back flgurei, „ jl£v, lu, teven Rtii right, 

^ jiir hwk agnres, „jt«r.jlra,iu: mil i™™, 

,(aiuTi>kl)+/«ir bsok fignrag, „ thrrt.fimr.JiBt and tfz, 

I L^i ,t — backflgurea, „ thrteJaST BnAfiix, 

uub fignrea, „ fAiw aod/oiir, 

laak flijDTe, „ /Ar« onlj, 

EXERCISE XLIV. (7oBii™ed. 
EruA ExaiRpU to ht aorlad in one line. 
Multiplj MlflB-aiB by lllO- 
„ 3881-3184 by ll'lU 
„ Bifl3a-575 by -0113 

„ 9g87fll5'9 by -001115 
„ 3418'07B by lllllB- 

Wbut Is tbe Froduot of 981-543 and llfi-T 

„ „ „ of 8T181- and -OOllBf 

„ „ „ of 196'fie813 and lllOOO-r 

„ „ „ of ei98'43!} Bnd lllllUCf! 

„ „ „ of y843316 Knd ■OonUlTJ 






Thcis ExampUi may be proved by the extended method. 

Hixed NumbeTB. An Integer and a Fraction together 
form a mixed number. 13f, 2I1A, 5J^, 74^ are, then, 
mixed numbers. 

ETBry mixed number is equal to some Improper Frac- 
tion. (See page 39') 

Int^eo-B expressed as FraotiDiis. On Page 58' it is 
explained that an Integer may be put into the form of a 
Fraction by writing under it 1 as a Denominator. 

Integers may also be expressed as Fractions with any 
Denominator. 

For ■.■ 1- = t or t or * or S or f or, &c. (See p. 12-) 
.-. 2- = J or # or f or ^J^ or V or. Sec. 
.■. 3- = 5 or f or V or V or V or, Stc. 

To express an Integer as an improper Fraclioti tvith any 
Denominator. 

First, Multiply the Integer by the Denominator. 
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Product is the Numerator of the Improper Fraction. 
Second. Write the Denominator under this Numerator. 

„ ,^ 19- X 2* 38 19* X 3- 57 19* X 4* 7B 

Hence, 19*= — 2- — ="g'Or= — 3;^ — = -3^01= — 5: — =-4 =<kc. 
Also, the mixed number 19f = ^ + f = ¥ 

And, „ „ „ m^=m^+^^m^ 

To reduce a Mixed Number to its equivalent Improper 
Frcuition, 

First. I^ultiply the Integer by the Denominator of the 
Fraction. 

Second. Add to the Product the Numerator of the 
Fraction. The eum is the Numerator of the Improper 
Fraction. 

Third. Write under this Numerator the Denominator 
of the given Fraction. 

EXERCISE XLV. 

EXAMPLES IN BEDXJOTIOK OF INTEOEBS AND MIXED KXJM- 
BEBS TO THEIB EQUIVALENT IMFBOFEB TBACTIONS. 

1* Express 21* in 4ihB, in 12ih8, and in 29th8. 
2* How many sixteenths in 8418' ? 
8* Bedace 8695- to 542nd parts. 
4- What No. of fourths = 3125f f 

5* Beduce to equivalent Improper Fractions : 642^, 89^1, 610^, 
3145^, and 81/A: 

6- Reduce to fourths, 8189-, 68254i, 75693-, and 2l5f 

7- Reduce to fifths 64f , 319f , 18|, 95i 

8* Express in nmths lilt, 625f , 712^, 18^ 

9* How many twelfths in 91 A, 64^^, 1146U ? 
10- Reduce to niuety-fifths 439ii, 3142^ 
11* Reduce to equivalent Improper Fractions: 31^, 642^^, 35^, 

ai,4A: 
12* Reduce to equivalent Improper Fractions : 6^, 4f , 8f , 7^, 8^, 
8», 17A, 14f , 18* 

Integers and Mixed Numbers are usually reduced 
to Improper Fractions before being multiplied by Frac- 
tions or by Mixed Numbers. 

Examples wobked out. T What is the Product of 
64Aandl9i? 

64t^ = Vi^; and 19 J =V, by last Exercise. 

.-. 64A-X 19i = W-X-%^=^i|^ = ^^W^ 
2* Multiply continually together, 34i, f and 19* 

34^, XtX 19* = H-^ X f X y = ^'i'-xrxv' == "^^^^ 

H 3 



COMMOS DENOUIIfATOB. 



EXERCISE XLVI. 



What are f X 13- X 5} = » 

., .,ixHXiofA = ? 

» .> 3AxeixiofJ = ? 

Baise B^ to ila 4tb power. 

„ 4 of J W its 3rd power. 
Find the prodnct of 7| k Z^ 
Find tbu contiiined product of 

■ft, Oi. m and A 
IS- What Improper Fraolioa are }J and 3^ Factors off 



What are Jot UfrJ ■=? 

find nine-tentiis of } of ^ 
„ siitnentj-fifths of 341^ 

MultJiofSoEOiby-ftonai 
„ 64lHjSfbyfofftofia- 

Find the lath Multiple of -ft 
ot a4A 



Redootiok of FitA.CTiONS TO A. CuuMOiT Deiti 

NAIOB. 

The word "Common" means "belonging to more than 



■^ 



Hence, whi 

Fractions are the s 
Denominator. 

Thus ; 'ft, A. I'l and W have the Common Di 

Bat. ft, tt, it and i^ haTB, 



Denominatora of two or more 
t is said they have a Common 



L 



them, a Common De- 



FractionB eannot be added, unless tkey have a Comtnon 
Denominator. (See p. 37' and Principle v. p. 35-) 

Any Fraction whose Numerator and Denominator are 
alike is equal to unity. (See pages 12* and 39-) 

Therefore, f of any thing is the whole of that thing. 
.-. i of .^ = f 

But fof J = fx5^ii (Pbinciple ix. page 56-) 
.-. l = fxS = H 

We see, then, that multiplying the Numerator and 
Denominator of J by 3- produces a Fraction exactly equal 
to f, although expressed by higher numbers. 

Change the multiplier \ for any other Fraction having 
Numerator and Denominator equal, as }, i, \%, ho., and 
the reasoning and result will be the same. 

t X J = H = i ; ^ X J = K =- i, and BO on. 

The trnCh of these atatemants ma; he proved experimentally by 
dividing one onit-square into eighths, and another into twenty, 
fourths, or thirty-second purls, or fortieth parts: whan i will be 
found \a contain eiactly ^ or H or U, aud so or 
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Pkincifie SIII. Multiplying the Numerator and De- 
nominator of a Fraction by the same Number makes no 
alteration in the value of that Fraction. 

This prineipla enables us to redaoe nnllke Fraoliaiia to othsrs, 
equBl to them, hut having a CommoD DenomiuataT. 

For S^ — M Multipljing Namerator and Denomiuator by 7' 
And f ^ Hit Multiplying Xtimerator and Denominator by 6- 
Therefore tlie unUke Fractions i and f , when reduced to » Com- 
mon Denominator, faecooie M and H 

To effect the foregoing reduction, we multiply Nmneraljir and 
Deaominator of each Fraodon by Denominator of the other, 

■^S*""' n = ii-i"if"K"u" = aSai So that, when rKdnced to 
a Common Denominator, 
- the unlike FrnotJonB A-, 
a, and A, become iJH, 
SSH.and^^ 

In the work of the last example, remark 

First. That the Numeratof of each Fractioa is multi- 
plied continually by the Denominators of the other two. 

Second. That the Common Denominator is the Con- 
tinued Product of all the Denominaiora. 

The Common Denominator is here found three times 
over, once for each Fraction. This is wasting labour. 
Once for all would sufBce. And the work may be arranged 
as follows. 

Reduce iVt iS and i\- to a Common Denominator. 
4- X 19- X H- = 1064- = New Numaratorjhr Ut Fraction. 
15-x 11' X 14' = 2^10- = New Namerator forbad Fraction. 
3-xn-Xl9'= 627- = New Namerator/or 3rd Fraction. 
ll-Xl9'Xl4- = 29a6- =^ Common Denominator for the 
' "~~ " three Fractions. 

Result. tVi it and iV. expressed with a Common De- 
nominator become i?Sa, Hit, and V^iVc 

To Reduce Fractions to a Common Denominator. 

First. Reduce Compound Fractions to Simple ones, 
and Mised Numbers to Improper Fractions. 

Second. Multiply the Numerator of each Fraction 
(^thua prepared) continually by the Denominators of all 
the others. This produces the New Numerators. 

Third. Find the Continued Product of all the Denomi- 
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luira. fina tne i^oniinueo rroauct oi au tne uenomi- jji 

^^IMtors. This is the Common Denominator. ^hI 



ADDITIOIf OV rULIKE FHACT10N8, 



■■ lilf , fiB-rt-, IS- and J of i ol 
i- a, A> H of if and A of e 

I- Tfs> yJt, M and 11* 



l-»,A.Aandft 
a-it,H,i*andtf 

3- **, i#, A and 0i 

4- lofM- iofaiBfandff 
6- i of f of B- and H of If 
e- Hof*ofI8S,iHandM 12' 

To add Fraetiont having unlike Denominators. 

First. Reduce the Fractions to a Common Denominator. 

Second, Add the New Numerators together, and under 
their Bum write the Common Denominator. 

If there be an; Mixed Numbers, do not rednoe tbem to Improper 
Fraelions, but add their Rwslions with the othBrs, and add the 
Integers xeparatelf, plndng the sam of tliese on the left of the 
6um at the Fractiooa. 

FiEST Example wosked out. Ail Simple Frac- 
tions. Find the sum of f, tJ, tV and -^ 
f + ii + 1=.- + A = HHJ + inn + yrfft'V + iVAV 

Secoioj Example worked out. Simple and Cox- 
pouHD Fbactions. Find the sum of iVi ■§■ of J and f 

i'v + i(off + + = -A'-i-f* + t = i-m + nn + 

1 Ftp 7 gl>g * 

Third Example wobcbd odt. Simple and Com- 
pound Fe ACTIONS, Ibtebbes and Mixed Numbebb. 
Add together H. 84", % of 9- and 23iV 
H -H 84' -1- i of 9- -f- 23^ = 84- -I- 23- -f H 4- V -I- iV 



EXERCISE XLVHL 

.■ Add f, i, J and H 

■■■ ., ai,H,H,andfof A 

!■ Find the som of A of 8- A of ^i and ^ 
,- „ „ „ of 41, ISf, 39^ and Hi 

I- , of ll\i, an, lli, ttBd 13} 

!■ .. » » of}.i,i.Aa"dA 

r mlied comber cannot be done sctll Ihs pupil bIidI] bo 



I 
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7- What aw f of 46« + f of i of 19« + A =? 

8- „ „ ♦off + fof 12- + «of 42=? 
»• « „ A + i» + « + *of A=? 

10* Add together A, A» A and -ft 

11- Fmd the sum of 16i, 17i, 18i and 19^ 

12- „ „ „ of A + A\r + TWftr + A 
13* What is the ninth multiple of i + i + i? 

Add the three fractions together^ and multiply the sum by 9* 

STJBTRACnOH. 

Subtraction is the diminishing of a number by taking 
a smaller one out of it. 

Aritlimetical Symbol The sign of Subtraction is a 
short horizontal line — placed between the Greater 
Number and the Less. It is called in reading *' Minus," 
which is the Latin word for " Less." 

Thus, the expression 19* — 5* is read, " Nineteen minns five,'* 
and means '* Nineteen less five," or ^ Nineteen with five taken oat 
of it- 19* — 6* = 14* 

Four words employed in Subtraction must be perfectiy 
understood. They are these: Minuend, Subtrahend,, 
Remainder, and Difference. 

In the expression 19* — 5* = 14* 

19* is the Minuend; the Number which is to be 
diminished. 

5* is the Subtrahend ; the Number to be subtracted. 

14* is the Remainder ; the Number left after subtract- 
ing 6* from 19* 

14' is also called the Difference between 19* and 5* 

The mnnend is the larger Number, from which the 
lesser is to be taken. 

The Subtrahend is the smaller number, which is to be 
taken from the greater. 

The Remainder or Difference is the number left after 
subtracting. 

EXERCISE XLIX. 
Examples to he worked mentally. 



1- What 


are 


9*— 7*=? 


9* Find the difference of 24* & 14 


2- », 


)i 


16*— 4*=? 


lo- 


}} 


a 


of 64- and 89 


8- „ 


9} 


85*— 11*=? 


ll* 


}, 


n 


of 413- and 350 


4- » 


ft 


64*+ 9-— 68 =? 


12* 


f) 


), 


of 300* and 199 


5- „ 


n 


314- — 295*=? 


13- 


1) 


19 


of 412- and 82 


8- ^ 


n 


100- — 85* = ? 


14* 


If 


)) 


of 65' and 43 


7* w 


» 


26*— 10*=? 


16* 


n 


)9 


of 21* and 49 


8* „ 


n 


112*-. 20* = ? 


16* 


n 


n 


of 11* and 65 
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17- From 413- Uke 363- 1 21- Sabtract 43-irom 64- 

IB- From IIUO- take 800" 23' Sabtract ni-from 60 

19- From -la- tale aft- 23. Take 321- tram 400- 

20- Tale ll-from 39- 1 31- What ara B04- — 4S-=* 



SCBIK ACTIOS C 



MENTALLY, 



In proceeding to Subtract one Number ^m another, 
we place the Lesser under the Greater, place for place, 
and then, if each Digit of the Subtrahend be less than 
the Digit standing above it, we find the Difierence of the 
two and set it down, commencing at tbe right-hand end 
of the lines and proceeding place by place to the left- 
hand end. 

FiasT Example wobked opt. iNTBQEHa amd 
DBCiMAi.a. Subtract 1435-68 from 7969-89 
-, , , 8 (kuTtdredthi) (torn 9 (hM'ttdredOu) leava 

^QfioOQ i-<hvndr<!dth}i:etdou!nl(hundrtdth) 

7tfDy an 6(timthi)fiouili{tentkiJleave2(Uatht) 

1436-68 ,et down 2 (tentligj 

.QQ 5 (uniti) £rom fl funitij lea^a 4 fvnil*) 

. set dovm i funilij 

3 (tens) from (teni) leave 3 (ttTU) 

stt dmun 3 (tern) 

i (kundrtda) bora (bv/ndredt) leaTS 

6 (handTedij set doicn S (hundrtds) 

1 ffhouiand; from 7 (thaiaand) UaTe 

(thoatandsj tet down {I (tliBUiand*) 



ExuDple cnmpUtEil. 
7969-89 Minuend. 
1435-68 Subitahend. 
6534-21 Difference. 



But ahould it happen that the Units' -figure of Sub- 
trahend be greater than that of the Minuend, of course 
it will be imposBible to subtract. In such a case, we 
"borrow" one ten from the Tens' place of the Minuend, 
convert it into ten units, add those to the Units' -figure of 
Minuend, and from this sum, subtract Unita'-figure of 
Subtrahend. 

This must be done in the following example, where the 
Units' -figure of Subtrahend being 8, and that of Minuend 
only 5, 1 aay, "Eight from five I cannot. Borrow ten, and 
say, eight ti-om fifteen." 

On arriving at the Tens' place of Minuend, we must 
remember to reckon the 6 tens as 5 tens only, one ten 
having been converted into units and used up in the Units' 
place. 

In the following example, it is also necessary in the 
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Hundreds' place to " bortow " one thousand, which we 
convert into ten hundreds, making with the 7 hundreds, 
twelve hundreds, from which we can subtract the 7 hun- 
dreds of the Subtrahend. 

We must here again remember, on arriving at the 
Thoasands' place, to consider the 2 thousands as onlj 
1 thousand. 

Second Exahpi,e wobked out. Find the Difference 
of 4265- and 3748- 

Example completixl 

4265- Minuend. v«fufiu,x -Eifl.ifc™iift™-"™:«iJ«-nT 
S74S- Subtrahend. b^^^°'^--IZ^Z,„.ZZ:: Zll'Zl- 

fill- Difference. Tlu,u«uid.'pl«.-'Tlm.-,(n>mlhr<.. -craghL- 

Wow, in the Tena' place, if, instead of saying, " Four 
from five," we had said, "Five from six," the remainder 
would have been aite as it now is. And in the Thou- 
sands' place, it will come to the same thing, whether 
we say "Three from three," (as above) or "Four from 
four." 

There are, then, two methods of working Subtraction. 
"Borrowing" is practised in both. But, by the first 
method, whenever we borrow, we correctly reckon the next 
^ure of the Minuend as ona less than it is written. 

Whilst, by the second method, whenever we borrow, 
we reckon the next figure of the Subtrahend as one more 
than it is written. 

The second method has been heretofore commonly 
employed ; but the first is much to be preferred, as the 
more natural and simple. 

Let us re-examiae the last Example. The thing to be 

From 4 thousands + 2 hundreds + 6 tcm + 5 umli, 
Take 3 thousands -|- 7 hundreds -j- 4 '^"^ + ^ unite. 
Now, as it is impossible to take 8 units out of 5 units, I 
"borrow" 1 ten, which I convert into units, thus turning 
6 tens and & units, into 5 tens and 15 units. In Uke man- 
ner, because I cannot take 7 hundreds out of 2 hundreds, 
I "borrow" 1 thousand, which I convert into hundreds, 
and so turn the 4 thousands and 2 hundreds into 3 thou- 
sands and 12 hundreds. The borrowings, then, which we 
employ, neither increase nor decrease the value of either 
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Minuend or Subtrahend. They merely re-arrange the parts 
of those Nurabera.* For to take 3748' from 4265- is 
From 3 thousand! + 12 hwtdredi -f 5 lens 4- 16 unili. 
Take 3 Ihovsands -j- 7 hundreds + 4 lens + 8 um'fa . 
IPAieA /eocej 5 huiulreds + 1 (en + 7 wnifJ. 

But, by the second method (the usual one) the process 
for subtracting 3748* from 4265- would be 
J^owi 4 thousandi + 12 hundreds + 6 tens + 15 uni'b, 
Tliie 4 Ihousanda -j- 7 hundreds + 5 ^a«< + 8 unite. 
Which leaves, as be/ore, 5 hundreds + 1 (en + 7 untVj. 

Although we thus again arrive at the true result, yet 
we do BO this time by an unnatural and roundabout pro- 
cess, by no means so easy to account for as the former 
method. For here, in order to find the Difference of 
4265' and 3748- we add 1010- to each, ao that we do not, 
in reality, subtract 3748- from 4265- but 4758- from 5275' 

If, when we have occasion, in the Units' place, to 
"borrow," there should be a cipher in Tens' place of 
Minuend, we must borrow 1 Hundred, (if Minuend have 
any,) and convert it into 9 lens, and 10 units. If Minuend 
have neither Tens noi Hundreds, we must borrow 1 
Thousand, (if any,) and convert it into 9 hundreds, 9 tens 
and 10 units. And ho on. 

To Subtract Integers or Decimals from, Inleifert or 
Decimals. 

First. Prepare as for Addition, placbg the lesser Num- 
ber under the Greater. 

Second. Commencing at right-hand. Subtract, if possible, 
each figure of the Subtrahend from that of the Minuend 



* Note to Te 
eitlier Snbtiahei 
teranoB over the 

Its epconi ail 
Suhtraotion. 

papila hiYine pri 
twid the temioD. 

following. "^ 
1- H^nvUilOia 


id 01 Minuend, oonatitaUB our Sistem's lirat claim id pre. 
TUJlage' is ttist it diapenBOB BllDgBther wJtU OBtijing In 


1 ite iutelUgilillitT: repeated eiperimente xith very TXas 
pvBd how moDh mure randUy and perfcoUj die? un iwBi|ir» 

d BhlDh sntrg»tii TO tliam nuoh pra^exlDg ignintiana u the 


vmiBfrom one jmiiKiij/ ami nrtHiTi a motka- 1 
borr.manim>y;Jroma€ij.l,^t 
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standing above it, and set down the Differences in their 
proper places. 

Third. If any figure of Subtrahend be greater than 
the figure above it, "borrow"* 1 from the next place of 
Minuend in which there is a significant figure. And 
then: 

Reckon the Minuend figure from which you borrow 
as (me less than it is written. 

Reckon the Minuend figure for which you borrow as 
ten more than it is written. 

Reckon every cipher beiween these two as a nine. 

If the Subtrahend contain more Decimal figures than 
the Minuend, imagine, at starting, a cipher to stand over 
each of those extra figures. (See Principle II. page 3') 

Third Exi.mple wobked otjt. Subtract 346* from 
10,000- Here, the 1 ten thousand of Minuend is bor- 
rowed, and converted into 9 thousands, 9 hundreds, 9 tens, 
and 10 units. 

Example completed. 

10,000* Minuend. Units' place: 6 {u$ut$)trom 10 {units) = A {unitt). 

346* Suhtrahend,TenB''pltiM: A {teru) from 9 {ten*) ^6 {tent), 

9654* Difference. Hundrede' place: 3 (Atwdred*) from 

_ ••^ 9 [hundreds) =ti {hundreds). 

Thonsands' place : ,from 9 {thoU' 

sands) = 9 {thousands). 

FoTTBTH Example wobked out. Find the Differ- 
ence of 314*82 and 95*39675 

Here, the Subtrahend has Jive Decimal figures, whilst 
the Minuend has only two. Therefore, imagine three 
ciphers to be placed at the right-hand of Minuend. Then 
boiTOw; converting the 2 one-hu»>dredths of Minuend into 
1 one-hundredth, 9 one-thousandths, 9 ten-thousandths, and 
10 one-hundred-thousandths. 

Ezamide completed. B (Mm-MoiuA*.) from lo (htmd-fhous.) «- 5 (kund-ihouafhs). 
"•"T ,-.. , 7{ten4hoiu(hs.) ttom 9(tm.thoiu.) » 2 (ten-ttoiott*). 

314*851 Minuend. e(thousamdOu) from Oltkoutths.) '=Z(thousandifu). 

VO^S^O iniOtrtinena. s (tenths) Irom 7 (tenths) =i {tenths). 
^.^ 5 (units) froml4(tm«t) =9(afi«»). 

219'4S2^ Difference. 9 (tens) from 10 (tew) ^=1^^^^, 

ss^ooBs^ from i (hundreds) *= 2 (hundreds). 

* NoTB TO Tbacbbb. The emploTmentttf ttaeirord " borrow " is open to 
•Mefltioa,iiMMniiioii aa returning is implied but ie not jmustieed, either in the 
oUTor the oew method. The ouantity borrowed, being, however, used up on 
weoQBt of the dednotion to which the entire Minuend is sabject, is fairly 
accoonted for. We have freqaently need " convert" aa a preferable term to 
"borrow.'* 

I 
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SXTBTBACTIOK OF INTEGSB8 AND DECIMALS. 



EXEBOISE L. 

Examples fob pbaotioe. Inteoebs and Decimals ; 
the numbers being already arranged, 

Ex. 1* Ex. 2* Ex. 3* 

From 8986425' From 2496-34 Fr(m 100406- 
Take 2643214- Take 958*46 TaU 36958- 



Ex. 4* 

From 200000-42 
Take 9647-5 



Ex. 5- 

From 968*5 
Take 89-654 



Ex.6- 

From 17000-5 
Take 965-475 



Ex. 7- 

From 96483- 
Take 8976-25 



Ex. 8- 

From 245' 
TaU 16-945 



Ex. 9* 

Fr(m 20012-9 
Take 642* 



Ex. 10* 

From 1000000* 
Take 64* 



Ex. 11- 

From 2016-045 
Take 98-0064 



Ex. 12- 

From 843-2185 
Take 198-6487 



Ex. 13- 

From 1111*111 
Take 999-999 



Ex. 14- 

From 74316-84 
Take 69542-36 



Ex. 16- 

From 100000- 
Take 99999- 



Ex. 16- 

From 600000- 
Take 599999* 



Ex. 17- 

From 6423*584 
Take 2586*965 



Ex. 18- 

From 421- 
Take 69-8652 



Ex. 19- 

From 101* 
Take *9999 



Ex. 20- 

From 200* 
Take -0009 



Ex. 21* 

From 160101-2 
Take 5049- 



Heihod of proving Subtraction. If we take a certain 
number out of another, and then restore exactly as many 
as we took away, it is evident that the original Minuend 
will remain unsdtered. 
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From 15* take 9* The Difference is 6* 

Add 6* to 9* The Sam is 15* which is the original Minuend. 

Take 6- from 15* The Bemainder is 9* the original Subtrahend. 

Taking the Lesser of two Numbers from the Greater 
leaves their Difference. 

Taking the Difference of two Numbers Jrom the Greater 
leaves the Lesser. 

Adding the Difference of two Numbers to the Lesser 
gives the Cheater. 

Each of the last two facts furnishes us with a means 
of testing the correctness of Subtraction. For, we may 
do so either : 

First. Bg adding the Difference to the Subtrahend; 
when, if the work be correct, the Sum will be =» the 
l^uend. 

Second. Bg Subtracting the Difference from the MinU' 
end; when, if the work be correct, the result will be 
= the Subtrahend. 

Example wobked out, and fboyed. Inteoebs 
AND Decimals. Ascertain by how much 314396*85 
exceeds 98514*3659 

Example completed. 

314396*85 Minuend. 
98514*3669 Subtrahend. 

215882*4841 Difference^ or Exeeu of Minuend over Subtrahend. 
314396*85 Sum qflHfferenee and Subtrahends^ Minuend. Firet Proof, 

98514*3659 Difference (i/'314396-85 and 215882-4841 = Subtrahend. Second 

':^^==x===. Proqf. 



The above example is doubly proved. One proof will, of course, 
suffice. Either may he employed, and occasionally, for the sake of 
practioe, both, as is done here. 

EXERCISE LI. 

Work the foUovnng examples, proving each by one of the two 
methods just explained. Describe every line of the process. 

Ex. 1' Ex. 2* Ex. 3* 

From 300104*95 From 64- From 91764-648 

Take 49565*6 Take *549835 Take 9996*4257 



EESIII.TS OF StTBTKACXION, 



Fnn 2000- 
Tait 1'6512 


From 
Taitt 

FTom 
Take 


6439648- 

auaiiEia- 

Ex.8- 
042-SR4e 
aisB-0654 


From 

From 
Take 








Ex. 7- 
From 133460- 
Take SOU'S 


Sx. 9- ^ 
'94S6372 







Work over again, and prove, cocft i^ the ExampUi in Exereite L. 
Subtracllng IU2- from 3000' leaves 3358- This fact furnishes OS 
at oncB will] replies to tlje foUowing Mcen qaeBtions.* 
iBt. What is the Di^'eienoa of 3000- uid G43-? 
Snd. By bow much does 30110- exceed G43- ? 
3nl, Bj how much is 042- less than 3000- ! 
4th, What ranst be added to 642- to multa op 3000- • 
Olh. What niiisl be taken from 30O0- to leave 643- ? 
8th. WhaCNumberisless tbuQ 8000- b; 643-? 
7th. IVTiot Number does 3000- exceed bj 642- ? 



I 
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iBt. The DiffereDoa of 3000- and D43' is 8000- 

2nd. The Eicesa of 3000' over 643- is 3000" 

Scd. The Defect of 842' from 3000" is 3000- — B13- =8868- 

ith. To increase 643' to 30(10- we must add USSS- 

Slh. To diminish S<X)0- to 043' we must subtract 3368- 

6th. The No. that is 049- less than 3000- is 30UO- — 643' = BSfiS- 

7lh. The No. that 3000- esceeds by U42-i8 3000- — 643' = aSSB' 

BTTBTEi-CTION 
Ab unlike Fractions 
unlike Denomiaators,) 
reduced to a Common 
78-) neither can the Di 
tained without the san 
always obvious which 
greater, unless they ha 
Common Senominatot. 
When two Fractions 1 
Fraction is that which 



OF VULGAE FEA.CTI0NS. 

(that is to Bay, those which have 
cannut be added together until 
Denominator, (see pages 37' and 
Serence of such Fractions be ascer- 
■ae preparation. Indeed, it is not 
of two Yulgar Fractions ia the 
'e either Equal Numerators, or a 
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It 18 plain that i > i, because if you cut a unit into 
nine equal parts each must be smaller than if you had 
cut the same imit into only et^ht equal parts. 

.-. also * > i; i> tV; t > A; ii > «, &c. 
When two Fractions have a Common Denominator, 
the gre&teij of course, is that which has the Greater 
Numerator. 

A->A; »>4*; AV>AV, &c. 

Hence, to compare Vulgar Fractions which have not 
equal Numerators, they must be reduced to a Common 
Denominator. 

To find the Difference of any two Vulgar Fractions, 

First. If either be a Compound Fraction, simplify it. 
Second. Reduce the two Fractions to a Common De- 
nominator. 
Third. Find the Difference of the new Numerators. 

Example wobked out. Find the Difference of H 
andii 
The Difference of H and H = Difference of ^JW and 

Haying reduced the two Fractions to a Common De- 
nominator, I find that H (that is, OH) is the greater of 
them. Thisj therefore, I place first, as Minuend. 



EXERCISE UI. 
find the difference 

1- Of A and If 

2- Of Hf and Jf 
8- Of Hand H 

4- Of tW: and «* 

5- Of «J and if 

6- Of i of # and J of f 

7- Of I of J and I of 11- 

8- Of tt and A of A of 9- 



9- Of A and f of i of A 

10- Of mi and Hi 

11- Of A of 29- and A of A of 4- 

12- Of tt* and ^rii? 

13- Of ilit and ffi 

14- Of «f» and H« 

15- Of mi and HU 

16- Of i of t and tti 



To subtract a Vulgar Fraction from an Integer. 

First. Convert one unit of the Minuend into an Improper 
Fraction of the same Denominator as the Subtrahend- 
fraction. 

Second. From this Improper Fraction, subtract the 
given Fraction, if possible. If not, convert another unit, 

I 3 
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To subtract a Vulgar Fraction or Mixed Number from 
a Mixed Number i or a Mixed Number from on Integer- 

Firat, If the Fraction of Minuend be less than that of 
Subtrahend, convert units enough to make it equal to or 
greater than the Subtrahend -fraction. 

Second. Subtract Fraction from Fraction, and Integer 
from Integer. 

First Example worked oct. A Peopeh Fbaotiou 

SUBTBiCTED FROM AN InTEOEB. OnE UNIT BOEROTTED. 

What is the Difference of 346- and ^ 

346' - f^ = 345fJ - Vi = 345H 
SecoND Example worked out. An Impboper 

FSACTION SUBTEACTED FROM AN InTEGEK. TWO 

DiJiTs BoEBowED. Take SS from 398- 

398- - f t = 396JJ - H = 396j,V 
Third Example worked odt. A Proper Fraction 

aDBTBACTBD FROM A MiXED NuMBER, BoKROWIBQ 

not reuuired. Subtract H from C14J| 

6H-Jf - H = 61413-H - iiti = 614tA"iV 
Fourth Example worked out. A Proper Frac- 
tion SUBTRACTED FROM A MiXBD NuMBEB. BoRBOWINO 

OF one unit bequiesd. Take from 325f, |J 

325f - iJ = 825ft'V T A'r = 324HJ - AV = 324^ 

Fifth Example worked out. A Mixed Nom- 
BEH bubtbacted from a Mixed Number. No 
borrowed. Take 429f from 1600^ 

1600f - 429J= 1600H-429H = HVIJi 

Sixth Example worked out. A Mixed Numbi 

SUBTRACTED FROM A MiXED NUMBER. BORBOWINO 

REQUIRED. From 1896J- take 428^ 

ISDBJ _ «8| = I83BJt — i3B^ = I8U5SS — laBJJ = 1407^1 
Seventh Example worked out, A Mixed Num- 

BEB SUBTRACTED FROM AN INTEGER. Ej hoW mUCh 

does 2000' exceed 25}:1-? 

2000- — 25H- = 1999H — 25H = 1974A- 
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EXERCISE Lni. 

SXAMFI.es IK 8X7BTBACTION OF YTTLGAB FBACTI0N8 AND 
MIXED NUMBEB8. AB8TBACT NUMBEB8. 



6- From 21lTh: take TSi+y 

7- Subtract 612A from 2912- 

8- From 3100- take tf 

9- Subtract A from 37^* 
10' Subtract 2 If from 54f 



1* From 349' subtract H 
2* Take 3A from 65} 
8' Subtract 14^ from 100* 
4- From 100* take 9^ 
H' From 63} take 2di 

11- Find the Difference of f of f of 64' and f of 12} 

12* By how much does f of f of 45' exceed } of 144} ? 

13* By how much is } of 42' less than } of 45* ? 

14* What must be added to 17} to make up 33}} ? 

15* What must be taken from 364i^ to leave 95f ? 

16* What number is less by 62^ than 415}? 

17* What number does 100* exceed by 34} ? 

18* Whether is }} of 9} or }} of 8} the greater, and by how much ? 

19* What is the Difference of A of f of 9} and } of } of 62- ? 

20- Find the Difference of 64}|^ and 42}} 

EXERCISE LIV. 

MISCELLANEOX78 EXAMPLES IN 8X7BTBACTION AND MTJL- 
TIFLICATION ; INTEOEB8, YULGAB FBACTIONS, DECI- 
MAIi FBACTIONS, AND MIXED NTTMBEB8. AB8TBACT 
AND CONCBETE NX7MBEB8. 

1* How much remained unpaid of a debt of j£678'375 after X349'5 

had been discharged ? 
2* Half-a-crown is 80* pence. How much would be left of it after 

paying for 3* lb of beef at 4} pence per lb ? 
3* Thomas put down a crown (that is 60* pence) to pay for 41* 

halfpenny oranges. What change should he have ? 
4* A hedger having built 36*375 chains of a hedge, how much more 

must he complete to make the whole amount to a mile 

(80* chains) ? 
5* Xf a cask, containing 35* cubic feet, weigh, when full of water, 

one ton, what is the weight of the cask itself? (See Exer- 
cise xxxiv. Ex. 26* p. 52* ) 

Weight of cask and water ^s 1* Ton = 2240* poundi. 

Weight of 35* e,f, of water = 62-5 ». X 85* = 2187-6 pounds. 

Weight of cask alone = 52-5 pounde. 

6* Whether is the 4th power of i or the square of } the greater, 
and by how much ? 
Boise the Fractions to the powers named, Eeduce these to a 
Common Derwminator^ dtc, 

* NoTB TO Tbachbb. 33',beiiiff the 3rd Multiple of 11', the Namerator 
and Denombiator of the Minaend Fraction need only be multiplied by 3*; 
both Fraotlons will then have the Denominator S3* and the preparation for 
finding their Difference will be complete. 
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T* Of a pieoe of linen measuring 07} yards, -^ were {lamaged ti 

dniup. How loDg nas tlie remuning piece ! 
8' Ont of half-a-orown 1 paid tor 8- twopennj loBvea nnd soma 
apples. I recused Of pence in change. What did tbe 
apples eoBtf 
9- A coach-wbeel 5' feet in circnmfereitce must revolve 324S8' 
limes in performing the journey between two certain towns. 
After niaMng ten cbouasnd revolntions, how far is tbe coach 
from its journey's end? 
Whole diitanee to be travelled = fiet- 

BUtanct travelUi in 10,000- TevoUliow — feet. 

Diitanea rtmaining to be travelled = feet, 

10- A iar containing £ of a gaUon of water weighs IS^lb. What 
is the weight of Ilie joe alone? (Sea Ezerdse zzzii. Exam- 
ple 41' p. «■) 

U- After spending A of ■£*' out of i of £5- how much was leflf 

12' What qnantilj had been removed from a piece of oloth, origi- 
nallj 864'2B jards long, when onlj Ol'STS yards were left? 

ID- Tbe French weight colled a gramme weighs 19-!> English 
gr^na. What is the DiETcrence between 30' grammes and 
an English avoirdapois pound of TOOO' grains? 
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SUBTRACTION. 

Continued Subtraction is the taking of 
from another as many times as it can be done. 

Thus, if 1 take S- from aO' I get a Remainder 13- If I now sub- 
tract 5' from this Remainder, leaving 10- and then subtract 0' from 
10' leaving 6' and again subtract 5' from this Remainder, nothing 
will he left: and it will be said that I have continually aubtraoted 
a- from aO' 

.-. SO- — 6'— B' — 6-— r>- = 

Also, 20-— 3- — 3- — 8- — 3- — 3' — 3- = 3- 
Continued Subtraction, however, is not employed for 
the same purpose as Single Subtraction. Tbe proper 
object of Subtraction is to find the Difference of two 
numbers, that is to say, the Remainder after the lesser 
number baa been withdrawn out of the greater. 

But, in Continued Subtraction, we do not seek to dia- 
CDVcr a Remainder, bat to ascertain how many times 
it is possible to subtract the smaller number from the 
greater. 

Therefore, in the first of the two examples above, the answer 
sought is not the Reramnder 0, but i% hecausa we find that /ow 
Jivei can be taken out of twenty. 

And in the second example, the answer is not 2-, hut " 6- and 
3' over," for 3- can be taben out of 20- tU timei, and tuo mil be 
kfl. 
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The number of times that the smaller number can be 
taken oul of the larger shews, of course, two things. 

First. How many of the smaller numbers the larger 
contains. 

Second. How many of the smaller must be taken to 

make up the larger. 

For, smce, four fires can be taken oat of 20* 

.*. 20' contains four fives, 

And .*. four fives most be taken to make ap 20* 

And, since, from 20* may be taken six threes and a two, 

.*. 20* contains six threes and a two. 

And .'.six threes and a two most be taken to make up 20* 

If 43' units lay on the table before you, and you de- 
sired to find, hy experiment^ how many fives are contained 
in that number, you would naturally proceed by Con- 
linued Subtraction of 5*; whence you would learn that 
43* contains eight fives and three over. 

But, if you wished to ascertain, by calculation^ how 
many fives can be obtained from 43* you would be more 
likely to adopt another method. You would recur to the 
Multiplication Table, to find the multiple of five nearest 
under 43*. You would then subtract this multiple of five 
from 43' to find the remainder. 

For, •.• 8' times 6- = 40-, k 43* = 40* + 3' or 43* - 40* = 3' 
.'. 43* contains eight fives and three over. 

Here, then, the same object is attained by Multiplica- 
tion and Subtraction as we just now achieved by Con- 
tinued Subtraction. 

EXERCISE LV. 
BECAFITULATOBT QUESTIONS. 

r What is meant by a Complex Unit? Give an instance of a 
Complex Unit What part of Multiplication is made clearer 
by using Complex Units ? What is meant by Corresponding 
Factors? Shew by Addition that 14* X 22* = 14* X U" X 2' 
or — 14* X 2- X H- 

2* Bepeat Principles vi., vn., and xi. 

8* In mnltipl^g by 30* two steps must be taken. What are they? 

4* Bepeat Pnnciple xn. 

9* When Decimals are multiplied by Decimals, how many Decimal 
places are there in the Product ? 

6' How do the Digits of the Product fall when the multiplying 
Digit stands in Unit's place ? 

7' How are high Multiples of any Number found ? 

8* What are the ^^ Siuicetsive ttept" necessary to find the 3467th 
multiple of 6148-3842? 



i HECAPITTJLATOKY 

!■ In working ont this Example, jou would prepare by putting' 
under the horizontal line ceitun cipbera. Where would fon 
putthem? How many itauld ;aa put f 

)- Why are those ciphars neresgarj? 

!■ Whatiameanthj "The Back Figure" T 

!■ With what inaltipliBrB may tho "Baali Figurt Contraetian" be 
employed? 

!■ ■Whati3"AMiied Nomber"? Give instflnoea of Mixad Nimi' 

t- What is every Mixed Number equivalent tof 

'}• Hon may an Integer be elipresaed as a Fraction f (p. 78') 

t' How in a Mixed Nnmber reduced to its eqniialent Improper 

PraetioD ? 
'■ What is meant bj "A Common Denominator?" 
)■ When do Fractions require to be reduced to a Common 



1- Repeat Prinoiple xm. 
I' What does this principle enable us tc 
!■ How aj^ Fractions redaced to a Com 
!■ How are Fractions prepflred for Addition? 
!• Repeat Prinoiple r. 

L' What IB Subtraction T Describe its AiitJimetical Symbol. 
i- How is the following eipression to be read, and what is 
meaning ? 

78- — 42i = 77} — 4aj = aai 

!■ Explidn the words Minuend, Subtrahend, Bemaindc 
Terence. 

r' Name each of those in tha fore^ing example. 

i' When borrowing ia necessary in Subtraction, whence do 
borrow? 

}■ What is done with the qaaotity borrowed? 

)• Why is the borrowed qnantity never returned 

!■ When we borrow from the next place to the left, what allaradt 
are made in the value of the two Minuend Figures ? 

!' When one or more ciphers stand between the Minuend Figure 
/or which ne borrow and the Minuend Figure from which 
we borrow, what alterations are made in the values of the 
Minuend Figures, and of the cipher or ciphers between them ? 

I' As practised on the New System of working Subtraction, does 
"Borrowing" increase or decrease Minuend or Subt^rahend? 

I- On the New System, when is carrying required in SnhtraolJDn ? 

!■ Why is "Convert" a more appropriate word than "Borrow" ia 
Subtraction ? 

1* How many modes are there of proving Subtraction? 

r- If I subtract Mi from ^IKIOO' I find the Bemainder or Differ- 
ence to bo 19H3Si. I thus find at once the answers to itvtn 
different questions. Write out those seven quealions. 

)' Of two Fractions having equal Numerators which is the Greater 

Fraction? 
)' W hiflfa ia the Greater of two Fractions having a Common De- 
btor? 
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DITISIOH. 

B* Conipua H aud H. Two teMaitt diilingnish the Greuter of I 
^^ those IwD Frautiona. What are Ihej? _ ' 

43' WTist is CoDtiiiaeil Snblraotioii t Give an ioBta: 

43- White is the object of CoDlinued Subtraction ? , 

li' How many things are ascertained at once by a Conliaued Sub- 

49' Bf what olher method, benide Continued Sohtractioa, oi 

(Uid how msnj nines there are in Hixty-seven T 
46' Of what two steps does this last method coDBiat? 
4!' Which or the two methods it Eoost natural Tar Experiment, and | 

k which for Caleolnlion ? 
SIVISIOV. 
Division is the distribution of any Number into lots, ' 
cli containing some stated Number, or a certain portion 
of that stated Number. 

Aritlmietioal Symbol. The eign of Division is a short 
horiiontal line, having one dot immediately over its centre 
and other immediately under it : thus, -~. It is called in 
reading, " Divided by." 

Hence, the eipressiou 30' -~ 0- is reed, " Thirty divided by sii," 
and menus that thirl; units ore to be distributed into lota of six 
units each. 

Four words employed in Division must be clearly under- 
stood. They are these : Dividend, Divisor, QuoUent, and 
Measure. 

Take l/tirli/ units. Separate them into lots of <ix units 
each. There will be^i's lots each containing six units. 

Again, take Chirty-lhree unils. Distribute these intfi 
lots of six units each. There will be^rs lots of six units 

I^b, and there will also be one half of such a lot. 
I ... 30- -^ 6- = 5- and 33- -i- 6- = 51 

, In the first of these two Examples, 
D* is the Dividend, the Number to be distributed. 
Is* is the Divisor, the Number to be comprised in eacb 
6- 



! Number of lots when 



pB' is the Quotient, shewing 
distributed. 
And, in this example, the Divisor 6' is also called a 
Measure of 30-, because it exactly divides 30' into lots, 
leaving no remainder or part of a lot. 
In the second Example, 

83- is the Dividend. 6- ia the Divisor. 5i is the | 
Quotient. 

But, here, the Divisor 6' is not a Measure of the Divi- 
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OF DITialOK. 

dend 33', because 6' does not divide 33' into an exact 
number of lota, but into_^Ke lota and a half of a lot. 

The Dividead is tbe Number to be divided. 

The Divisor h the Number to be comprised in each of 
the lots into which the Dividend is to be dIalTibuted, 

Tbe Q,uotieJlt ia tbe Number of lota into which 
Dividend is distributed. 

iny exact Divisor of the Dividend. 



^ 
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"Divide forty by five," means, as already explained, 
" Distribute forty units into groups of five units each." 
This being done, there will be eight such groups. 

The first object attained by this Division is, then, the 
same as that of Contiaued Subtraction; namely, To find 
how many fives there are in forty. 

And, it is now shewn that there are three ways of 
arriving at the answer to the question, " How many fives 
in forty ? " 

First. By Continually Subtracting five, and count^g the 
subtractions. 

Second. By Distributing into lots of five each, and 
counting the lots. 

Third. By Subtracting at once tbe highest possible 
Multiple of five. 

The second method, wbioii is Pure Division, oan only be emplojed 
experimentally, that ie W say, whea we have tha real imila Betnilly 
before us, and can effect iJieir ^stribution by batiii. 

Tbe first method, Contiiiued Subtraction, is ad^ted either for 
experiment or ealculatioa. 

The third method, Multiplication and Subtraction combined, is 
the beat for calculation. It ia, therefore, the one always used. 



THE DIViaiON TABLE. 

In order to construct the Division Table, 
necessary to alter the arrangement of ihe Multiplication 
Table, so that each line shall shew, not the same multiple 
of each of the first twelve numbers, but the first tivelve 
multiples of the same number. 

For eiaiQple, the third line of the MnltipliaBtion Table shewa 
the third multiples of 1- of 2' of 3- *c. up to I3-; but Uia Uiird 
line of the Ditiaion Table shews the &ni twelve multiplm oi 
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' To exhibit more clearly tliis difference of arrangemeat, 
we piiut, below, the fourth line of each Table, side by 



Four 

Four tiines 10' 



EXERCISE LVI. 
Write Dill and leant by htart the lehote Cittiion Table. 

SIMPLE EXAMPLES IN DIVISION OF 

BE EXFEKIM£NT O 



FavrUi lUt ^ JMvbiian Ta 


OncB 


1' is 1 


Twice 


4' arc S 


Three limes 


i- are la 


Four times 


4' are U 


Five Umes 


i- are 30 


Six tiines 


4- are 24 


Seven limes 


4- are as 


Eight timeH 


4' are 32 


Nine times 


4' are 3S 


Ten time*) 


4' ire 40 


Eleven times 




Twelve times 


4- are 4M 
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!■ How manj twos b 34-, 28-, 12', S'i; 80-, IS", IdO", 88-f 

3' Into bow man; lots of fonr each can fou distribute Ifl', 3a-, 

Ofl', 48-, 84-, aa-, 80', aOO-, as-, 3fl-, 4*-, 88-, J6- ? 
3' What are Hie Qnotients of 33- — ll-,4a- — J-, (i3'-^9-=! 
4- What are the Qnotients of 84--j-ia-, 6U-j-3',01-^7' =• 
6- How manj nines can be obtained from 27", Ml-. SB', IS-, 33- ? 
0' Nome four Meatturea of 12-, tiix of 24-, and aeven of 33-? 
How rauij of the following Nambers is T- a Measure of: S&-, 
43-, -^4-, 03-, 28", 02-, 40-, 94', 14', 41-? 

CONCKETB OB APPLICATE NT7MBBES. 
, How man; crowns in 46b? How manj in 30-8? 
'9' How manj- siapenny loaves will 90- pence pay for? 

10- A wiodlaSH took up, ut each revolntion, S' feet of a well-rope. 

How many limes moat it tain to raise a bnoket firom the 
bottom to the top of a pit 1*0- feet deep? 

11- How mnas paces of n' feet must one make in walking a distance 

of 117- feet? 

12- How many lb. of beef at 4' pence per lb. could I pay for irith 

half-a-crown, so as to receive two pence in change? 

13- Out of a hag of apples coDtainiiig eleven dozen, how mioj boys 

may receive C* each, Eupposiug 7' to be assigned to the 
disCnbutor? 

14- How many gallons of water will weigh 1' cwt? 

15- From a piece of whip-oord. raeasuring 45- feet, how many top- 

strings, each 4'lI feet long, can be cut? 
Out of a crown I received ten-pence change, after paying for 
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the same Dumber nf Uuee-peoDj' halls and two-pennj tops. 

Hqw maiij of each did I purchase? 
.7' Supposing a loiterer to arrive at school, daily, 3' rainatea too 

late ID the forenoon, and the same in the aflemoon, in hov 

many dajs will he hare lust one hour of his Bchaal-lime t 
.8- At If' pMiee per day, how long will a lavn be earning 6- shilliaga? 
.9' For bow muij weeks roust one lay hj 5- penes a week, in order 

to accumulsM 10' shillings? 
ID- Tea is weighed by tha Avoirdupois lb. of 10- ounces. What 

would 1' oanco cost at 4-s. per Ib.f What at Is. pec Ib.T 
11' How many lb. of lea would weigh B4- ounoes? 
IS' How many ounces of tea at three farthings per ounce can be 

bo bonght for sixpence ? 
13- In moying over » disUnce oE 300- feet, a coach -wheal made 

4(l- resolutions. What was the circuraferenfe of the wheel? 
11' If I can walk 20' miles in !•■ hours, how long shall I be in 

in waking 8- mUes at the same rate? 
15- Exeter beiDg J(J- miles &oni Tavistoch, how mauy miles per 

hour must one travel to make the journey between the two 

places in 300' minatea ? 

SECOKD BEBULT OF UITIBIDB. 

To express one Number "in terms of" another, simply 

neana to state what Multiple or Fraction the first Number 

f the 



Division enables us to do this. For, 
n terms of a score, we iiave only ti 



n or^er to express 
stale the number 
i into which 90- can be distributed. And this 
number is the Quotient of 90- -^ 20"; that is to say, 4i. 
'.' theu, 00' contains i- twenties and } of twenty ; 

B0-, expressed in terms of a scnce, is ii (icora). 
In the same way : 

The number of orowns in a gainea = 21- -r- B- = Ij. 
For, a guinea = Sl's. ; and a crown =: 5's. 
.-. One guinBB "in tcnns of a crown" is ii (erwmt). 
The second rcBult of Division, then, is, that the Quo- 
tient expresses the DiTidend in terms of the Divisor. 

Now, becauae in the expression sa- -^ «- = 4-, the Quotient 4- 
represents -J' groups each containing S- such units as the DiTideod 
is made up of, it is evident that the Quotient 1* has the same 
absolute value as the Dividend. 

This is the case with every Quotient, and arises friim the 
DKture of Pure Ditniiim, which neither ii >--.-- 

the Dividend, but merely rearranges it.* 
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Pbivciplb Xiy. Each unit of the Quotient is a Com- 
plex Uhitf and is equivalent to the whole Divisor.* 

THE QUOTIENT EXFBE88ED AS A YFLOAB FBACTION. 

Since 82- -r 8- = 4* ; and 4- = V^ (see page 77*) ; 
.-. 82- -T- 8' = V. And, similarly, 8* -r 32- = A- 

PbingipIiE XV. The Quotient is at once expressed 
as a Vfdgar Fraction^ by placing the Divisor under the 
Dividend. 

The Fractional form of Quotient is generally preferred, 
when the olgect is to represent the Dividend in terms of 
the Diyisor. 

When the Divisor is greater than the Dividend, the 
Quotient can only he expressed fractionally. 

Thus far, we have shewn, that dividing (for instance,) 32* by 8- 
ooght to furnish a reply to each of the following questions. 

first. Into how many groups, of 8* each, can 32* be distributed ? 

Second. How may 32* be expressed in terms of 8* ? 

The fractional Quotient ^ accurately answers both of these 
questions. 

For, first, 82* may be distributed into 4* groups of 8* each, and 
those 4* groups are V^ of any such group. 

iUid, second, because 1* is i of 8*, and 32* contains 32* ones, 
therefore 32* is ^ of 8* 

ShnSarly) if we be forming groups of 32* each, 8* units would 
form only A of such a group. 

And» unity being -^ of 32*, 8* units in terms of 32* are A^ 

Sedprooals. When two Fractions have the Numerator 
of each equal to the Denominator of the other, they are 
called Reciprocal Fractions, or Keciprocals. 

Thus, f is the Bedproeal of | ; and f , of f . 
Also, 5' and i are Keciprocals, as are 10* and '1. 
And, -V- is the Reciprocal of ^ or *9. 

Again, Sf , being equivalent to ^, the Reciprocal of 8f is ifig. 
And the Compound Fraction {■ of A has for its Reciprocal 
f of V. 

EXERCISE LVn. 

EXAKFIiES OF ONE NTJMBEB IN TEEMS OF ANOTHEE ; 
07 FBACTIOKAL QUOTIENTS ; AND OF BECIFBOCALS. 

To be worked mentally, 
r Express 29* in terms of 3*; also 35*, 44*, and 11*, in terms of 8* 

* NoTS TO Tbachbb. The term " Complex Unit," (see page 62*) has its 
■Igniftostion here extended, so as to inolade any kind of Divisor whatever, 
wnether an Integer or a Fraction ; any thing, in fact, whioh is not Unity. We 
ubaU reem to this remark. 



3' Express 40's. ia florins, i 

sorereignB. 
3- In 11' dozens, how many ei 
4' A atone of bntcher'a meal 



8' lb, Hon many sucb in 
lb. Hov mui; of tbese U 
terms of a stone Avoir- 



5- A Stone, Avoirdnpois weight, is H- 11 

1' owt. eqaal to? 
S- Express a stone of the smaller kind 

anpois weight. 

In the foUotoing tatlve exampUt, give Iht Quotienti, ^ehtTa 
poiiible, both inttgrally and fractionally, 
7- 34--;- S-=! I 11- B-^84- = * 



10- 



7- -i-15' 
What an the IteeiprocaU 



81- -■ 



S-=? I 



18- Off, S, A- H-. anil H*7 
20- Of -0, -1, -01, ■001, '0001 and -34? 
ai- Of -3115, -04Ma, -0070504 and -5843? 
33- Of 41, 17}, l-B, 3-afl, and 43-? 
23- Of i of V'r. i "f I of *i. and 7} of 3-35? 
ai- Of A- of H of IB', and A of ■01)6 of 0-75? 
3S' Of what fraclionq are the fullowina the Beciprocals, 
fi, ^F> a, "^W^, and A, of h 



ga- -M7- = » 

31- -i. 11- =? 

45' -T- 0- =! 

iprocals, -Vi ^^^ 



IKDIBECT BESITLTS C 

The two results already explained of Division are 
directly expressed by the Quotient, and directly exhibited 
by actual experimental distribution of the Dividend into 
portions each equal to the Divisor. 

But the Quotient indirectly announces other results 
than the two heretofore discussed. 

To elucidate these additional meanings of the Quotient, 
we must first pause to consider a Vulgar Fraction in a 
light not yet alluded to. 

Since ^ represents one eighth part of I', and the eighth 
part of 2- is evidently twice as much as i- of 1- ; 
-■- -I represents one eighth part of 2"; 
„ i „ one eighth part of 3- ; 

„ I „ one eighth part of 7- ; and bo on. 

Here, we remark that the eighth part of an Integer is 
at once expressed by writing 8 below that Integer. 

i represents one ninth part of 1- ; 
i „ one ninth port of 7-, ic. 

Therefore, any one part of an Integer is at once expresied 
6y writing the Denominator nf that part under the Integer, 
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This fact constitutes a second extension of Pbin- 
ciFLE III. (see pages 23* and 24*) ; and might be enun- 
ciated in the same manner, by saying that 

I%ere are ( ^ in one half of any Integer \ as there are units 

as many | i in one third „ „ > in the whole of 

times \ i in one fourth „ „ ) that Integer, 

Or thus : Any Fraction expresses the same part of 
Unity as its Numerator is of its Denominator. 

For i =: two eighths of Unity. And 2* = two eighths 
of 8* 

And, lastly, remarking that whilst f represents one 
eighth of its Numerator 2*, Unity is one eighth of the 
Denominator 8% we are supplied with the following 
important fact. 

Principle XVI. Any Fraction is the same part of 
its Numerator that Unity is of its Denominator. 

APFABENT EQUALITY OP UNEQUAL QUANTITIES, 

We have already seen that 32* -f- 8* = \^ or 4*, and it 
now appears that i of 32* = also V- or 4\ 

At first sight, it might hence be supposed, that the 
Quotient of 32- -i- 8- = i of 32-; that is to say, that 
\ of 32* = 32' -i- S\ This is, however, inaccurate. For, 
in 32* -r 8* = 4* or V^, the Digit 4 represents four Com- 
plex Units, or groups, (of eight simple units in each,) and 
the Fractional Quotient V^ represents ^/ of a group of 
eight. See Pbinciple XIV. 

Whilst, in i of 32* = 4* or V-» the Digit 4 represents 
four simple units, and the Fraction V* represents V^ of a 
simple unit. 

To make this still more clear, take thirty-two units and 
divide them by eight. 

Take other thirty-two units, and distribute these into 
eight equal lots. 

The first thirty -two units The second thirty-two units will 
will be disposed thus : be disposed thus : 









• 



• The vertical lines 

• shew that there are 

• four eights in thirty- 
l two, or that 32- -J- 8- 

• SEB 4* groups of eight. 

K 3 



The vertical lines shew 
that i of 32* = 4* simple uniU^ 
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Not only are i of 32' and the Quotient of 32" -^ 8* 
unequal quantities, but tbey are arrived at by diBsimilar 



I 



processes, as will be seen by esamiaing the steps of the 
fori " ■ ■ ' ■ ' ■ ' " ■ 



Foregoing distributions of thirty- two into eights, and into 
eighths of thirty -two. 

To divide thirty-two by eight, it is only necesaary to take the 
units, eigbt at a. time, and lay each eight aside !□ one separate 
gratip. Tiie division is completed hy tbis aimple distribution. 

But this bein^ done, the eighth part of thirty-two (vluob int 
know to be fouriiiuiple units,) is no-where exhibited, for the tlr' ' 
two units are disposed into eighte, and □< * ' ' 

To obtain one eighth of thirty-two, two slaps are neceaaarji 

FirsL Distribute tliiity-two into eightn. 

SeooDd. Collect a unit from each eight. 

This, plainly, forms a group of four units, and exhibits one 
eighth of thirty-two. 

To arTftnge the whole thirty-two into eight equal groups, Qia 
second or the two pteps must be performed eight ti 



thUg^J 

tB one 

[IS, Qia 

■ second or the two titeps must be performed eight times. •%• m 

The proces-i, aa above deecnbed, consists of; hU 

First. A Pure Diviiion by eight. ^^H 

Second. J. Stibtraetiim and an Addition. -I^^H 

The thing may be otberniae effected, but this snfiifies to stidfll 
that in order to find eighths of any Integer, something more is 
requisite than merely dividing by eight. 

The diversity of the two processes is also shewn in the 
difference of treatment of any remaining units. 

In dividing 35- by i; the 3' remaiuiug units undergo no flirther 
division, bnt sre simply laid aside and counted an three fourths of 
four, And the result of the whole operation is that 35' -7-4- = e| 
jroupi of four. 

But, in finding the fourths of 35-, we first obtain (by the two 
steps described above,) four equal groups of eight in eueb: and, 
then, wo cut each of the 3- remaining units into i, and. from tach 
unit, so cot, we give } of a unit to each of the four equal groups. 
Tills inereases, of course, each of those groups by } of a umL And 
the result of the entire process is that we have our 3S' units at last 
arranged into/oitr eaaal groups, each containing 8J twitd. 
.■. 35-~4- = 8i groTlpi of four, oi V- of a group of fituf. 
But 1 of 35' = 8 J units, or \' ef a unit. 

The Quotient o/ 32- -^ 8-, and J o/" 32' are not equal 
quantities, but are unequal quantities aimilarly expressed. 
And the first indirect result of Division is this : 
The figures of the Quotient express also the number of 

tOTtat^ fxpivfmaitaQu^J thepaplLwUli uflbblss, peu, empiof ptiper, ar uiy 
oodVBdieiU iiii<t9. NolliiDgobllills go diarlf UmtrDe DHtoreof anllinntiMl 1 
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units in that Fraction of the Dividend which has Unily 
for ita Numerator and the Divisor for its Denominator, 
In other words : the figures of the Quotient rcpreeeiit 
also the number of units contained in that Fraction of 
the Dividend which is expressed b; the Reciprocal of the 



IDENTICAI., EQUtT ALEUT, AND COIKOIDENT S 

Expressions which represent the same quantity of the 
aame kind of units are Idflntioal Expressioni. 

Thou; 04- and 3a- + ICi-^- f!' are ideiitico! axprasaioiis. They 
mean exaetly Ibe soma thiug. If 33- iinita and IG- uniLs and 17- 
uiiita of the same kind be )&id on Lbe labia before joa, there will 
be jnat 61- imiu of ibiit kind. 

Also, 84- is identical with 32- X S'T tor aS' X 8- means two 
thirty- twos, or si:itj-four. 

Unequal Numbers wbieh represent exactly the same 
absolute quantity, but in unlike units or ^'actions, are 
Eijnivalent Ezpresaions. 

Uetice, % and \% are eijnivnlent espreaaions, for tli?,v represent 
Uie Bune value. But ibey are noi idt-aiical, because tbe flrst speaks 
oT five iMecen at a iwrtun size (flftbs), and the second epaaka of 
tmoe as many pieces of half (hut size (tenths). 

Also, 30- ubillings are equivalent to 1- sovereign; and V^^i'^s, 

When two unequal quantities can be expressed by the 
Itme di^ta similarly placed, the numbers representing 
Oiose two quantities are called Coinoideut Expressions. 

10--J-8' and J of !0' are, then, coincident expressions, for each 
I'AD be represented by the same Digit (uunely, 3) in the first place 
T Int^^. 

V ie--^8- = a-, and i of Ifl- •= 2' 

But the two expreasinns are neither identical nor tquivaUnt, for, 
'OS already amply explained,) tbe Digit 3 in the first expression 
doss not represent the same quantity as tbe Digit 1 in tbe second 



= a- groups oj eight ; and, J of IB- = !i- tinitt. 

The sign of equality may correctly be employed between 
Numbers which are either identical or equivalent ; but it 
cannot with propriety be inserted between two espressions 
which are only coincident. There is evident inaccuracy 
in saying that 16- -H 4- ^ J of 16-; or, that, 32- -^ 8" = 
\ of 32- (Seep, I02-) 

A sign of Ifuraerical coincidence ts, therefore, rci^uisite. 

Arithmetioal SytnboL To indicate coincidence between 
" mbers, we shall employ the sign of equality with a dot 



1 

I 
I 
I 
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Hence, the eipresaion | of 32' = 33' -f- 8*, ia to b 
"One eighth of 33- coincides with 3M'-i- 8' j 
or, " Ooe e^btb of 33- is coincident with 32- -J 
and means that one eighth of thir^-two OLud the namber of eights 
In thirty-two are gimilarlf eipreased in GguteBl or, that there are 
XI many tinito in one eighth of thirty-twd as Ihert are eighti 
in 33-. PiUNOtttJi III,, pp. 33", 21*, and loi-. 

TS OF DITIBION AKIl MULXE')^^ 
PLICATION. ^H 

( Integer divided by an Integer. ^^J 

- 8- = A of 32', and i of 32- = 32- X i, 
IX. and VI.) 



(P. 



. 32- -^ 8- -- 



32- ■ 



But, \ is the Reciprocal of 8-; therefore, Dividitig an 
Integer by an Ititeger produces the same Jignres as Multi- 
plying by the Reciprocal of the Divisor. 

A Fraction divided 6y an Integer. 

It has been repeatedly explained, that Division is the 
distributing of tiis Dividend into lots, each equal to the 
Divisor. 

What then ia meant, when we are required to divide a 
Proper Fraction by an Integer, as, for example, ^ -j- 5-? 

It means ; form i of a unit into as much of a group of 
5' as possible. That is to say, ascertain what part \ of 
unity it of 5'; or. express ^ of a unit "in terms of" 5* 

.'. -i-i- 5" means, "Find what part J of a unit ia of 5'" 

Now, since Unity = -J- of 5', and J^ ^ J of Unity ; 

.-. i = i of i (of 5-) = i X i (of 5-) = A (of 5-) 
But i X i = A- (of unity) 
.-. i-~S=JXi. 

But, i is the Reciprocal of 5'; therefore. Dividing a 
Fraction by an Integer produces the same figures as Multi- 
plying by the Reciprocal of the Divisor. 

An Integer or a Fraction divided by a Fraction. 

Since Division is the diatribution of the Dividend into 
lota equal to the Divisor, (or into a part of such lot,) it 
is evident, that in Concrete Numbers, the Dividend and 
Divisor must represent units of the same kind. 

It is imposBible to diatribnte units of length (as feet, yards, 

es, ^c.) into lots of units of weight, or units of time into loU 
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of coins. Saoh expressions as JS184' -7- 16* men are constantly 
employed, but they are absurd. £1 84* -f- 16* men, means, " Arrange 
184* sovereigm into lots each eonsUting of 16* men /" 

Further, the Divisor and Dividend must not only express 

units of the same kind, but units of the same value. 

For example: because pounds sterling and pence are units of 
the same kind, £50* can be divided by 4^ ; but the Dividend and 
the Divisor must be first reduced to units of the same name and 
value. Either we may say, 

£50-.^4H= 1000- shiUings -r-f ofashiUing; 
or = 12000- pence -^ 4i pence ; 
or = 24000* half -pence -r 9* half -pence. 

It is evidently impossible to distribute fifty golden coins into lots 
of silver or copper coins. The sovereigns must, therefore, be ex- 
Ranged for their value of copper pence and half pence, or of silver 
groats and copper half pence, before their division into sums of 
4| pence each can be effected. 

Now, inasmuch as the Denominator of a Fraction is 
merely the namer, pointing out the value of each part 
expressed by the Numerator, Fractions with a Common 
Denominator may be regarded as similar units, and those 
with different Denominators as unlike units. 

And, since the Quotient produced by dividing one Integer 
by another is at once expressed by placing Divisor under 
Dividend (Pbinciple xv.); therefore, when Dividend and 
Divisor are both Fractions, and have a Common Denomi- 
nator, the Quotient is expressed fractionally by placing 
Numerator of Divisor beneath Numerator of Dividend. 

.-. ** -r H = H (of H). 

That is to say, ff may be distributed into tt of a lot of Ji ; 

or, into 4* such lots, for tt = ^* 
And, 6*4-1 = ¥-rf =40-.i.8* = ^. 
Again,12*^J = V^-T-J =48--f-3. =16- 

For, to divide, experimentally, 12* by }, we first cut sixteen units 
tjiAa forty -eight fourths ; and, then, distribute these singly. 

And to divide 12* by f , we distribute forty-eight fourths into six- 
teen lots, each containing three fourths.* 

.-. 12-H-i=V^-ri = 48(/o/5o/i); 
But, 12- X 4* = 48- {units,) 

,'. 12* -^ -^ = 12* X 4* 
Also, 12- -T- i =* V- V i = 16- {lots of f ); 
But 12- X f = * of 12* == 16* {units,) 
.-. 12--rf = 12- X f. 

* NoTR TO Teacher. This is the only method experimentally practicable. 
The manner in wldoh the ordinary contracted process is derived from it will he 
hervafter explained. 
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But, i is the Reciprocal of J-; therefore, Dividing an 
Integer hy a Fraction produces the same figurti as 3fulli' 
plying hy the Bectfrocal of the Divisor. 

Again, 4 ^ ^ = ii -;- f J = H (0/ f) 
But, f X f = if {0/ wuty) 
■■■ f-r-i = ?Xl' 
But, S is the Reciprocal of i ; hence. Dividing a Frac- 
tion by a Fraction produces the same figures as Multiplying 
hy the Reciprocal of that Fraction.* 

Now, collecting the examplea just examined, we find chat 
32- H- 8' = 32- X i, or, \ of 32- ; 
i -=-6- = i X i,or, iof 1; 
12- -i- J ^12-x J, or, * of 12'; 
f -i- i = f X 1, or, J of f. 
Pkinciple XVn. Dividing by any Number produces 
the same figures as Multiplying by Che Reciprocal of that 
Number.'^ 

Therefore, to find eitlier " How many eights there are 
in fiftj-aix?" or "What is one eighth of fifty-sis?" we 
must divide 56- by 8-, or multiply 56- by J, and bo on 
with other Divisors. 

EEL ATI ON OF DITIDENn i 

Since the Quotient expresses 
magnitude as the Divisor can be procured from the Divi- 
dend, it is eTideat that, if two unequal Dividends be 
divided by the same Divisor, the greater Dividend will 
yield the greater Quotient, 

A large bagfa] of nats oeid be diridect inlo a greater mimber □( 
piDts of nuts than a Kmaller bagful can. 

Not only so, but if the one Diridend be double, or triple, 
or any Multiple wbatevet of the second, the Quotient 
derived from the first by any Divisor will be the same 
Multiple of the Quotient derived from tbe second by the 

Ten cnts. of sugar can be made up into exaatl; ten times at mani/ 
half pounds an one cwt. can. 
Also, tviice aO" aantain Itrice at mat 

- NoTH TO TEAcnsB. Ttii> la ouly bere I 
+ N-dtTVo TBica»B."^A ia%ne of t 



) anOTIENT. 

;v many lota of the si 






imslFnur 
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I- Pkikciple XVIII, The Dividend and the Quotient 
increase and decreaie toyethtr. Multiplyitig the Dividend 
f before Dividing,) ai»o muU^lio thi QuoHmC: and pre- 
mowily Dividing the Dividend alio divides tlte Quotient of 

Iitui««quent Diviaian. 
bsce, *•• e- -r a- = -I- = No. of H 
[ .'. flO- -H2'= so- ^No. of ti 

I fllHC -r a- = 3()0> = No. of ti 

[ (WOO- ^ a- = aiKKI- = No. of twos in 

^: 
[t is, then. SEen, that. In Dividing by Units, each Figure 
^Quotient falls under coixesponding Figure of Dividend. 
Suppose, then, that we be required to find how m»ay 
twos are contained in 6666-C66. 

To discover this, we muBt divide 6G66-666 by 2-, an 
operatioD including the whole of the Beven Div~ 
effected above. 
For, No. of twoa in eOCK)' = 0000- + 3- = 
■ — = 600- 



► 



No. of t»ofl in HBSfi- 



30' 



Here, we enhibit separately the seven Quotients derived 
from the seven figures of the Dividend. We afterwards 
collect the seven Quotients into one Sum, which is the 
Quotient of the whole Dividend 6666'666 -f- 2- 

But the thing may be much more compendiously done, 
Iiy putting each QuotJent-figure, as soon as we find it, into 
iu proper place in the genera! Quotient, 

irtiiaor. DlildaDi). 

2- ) 6666'666 

3833-333 Quotient = No. of twos in 6666-GG6 

— = No. of units in i- of Dividend. 

a like manner, we find how many threes are contained 

W, or how many units in one third of that Num- 

r, bj Dividing 693'069 by 3-. 
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3-)693'069 

231 '023 Quotient = No. of threes tn 693-069 
~ ■ = JVo. of units in i of 693'069- 

The foregoing eiamples are of the most simple kind 
that can occur in Division, because in each, every Divi- 
dend-figure is an exact Multiple of the Divisor. 

When this is not the case, (as it yery rarely is,) each 
one that is over from any Dividend- figure will be carried 
as ten to nest place to the right, added i 
figure stands in that plat 
Kule for carrying, page 



700- - 
700- 



- 350- 
= 600- -(- 100- = 6 hundreds and 10 tens. 



For 

Now 6 hunds. ■ 

And 10 tens -i- 2"= 50- 

.-. 700- -^ 2- = 350' as above. 

Similarly, 750' -i- 2" = 375- 

For 750- = 6 hundreds -)- 14 tens + 10 units 

And 6 hunda. -~ 2- = 300' 

Utens-r 2-= 70' 

10 units 



. 750' - 



87S' as before. 



I 



In dividing an Integer by an Integer, if any units re- 
main, they may be treated in either of two ways. 

First. The Quotient of the remaining units may be 
expressed as a Vulgar Fraction, by simply writing under 
them the Divisor as a Denominator. 

8129- -^ 5- = 16251^. 

Where, finding that i- units remain, I, at once, express, in a 
fractional form, the Quotient of 4* -;- S' hy pluciog the Divisor 9' 
below the Eemaioderi' Skb Primcith XV, 



Second. The remaining units may 1 
many tens (o/ tenths) to first plac 



i earned, as bo 

of Decimals, and 

there divided. 

8129- -^ 5- = 1625-8* 
Where I carr; the 4' remaining unils to the Qrat ptsa 
Becimsls, as 4(1 (tenlh-parU), snd then divide bj 5-. See F 
oiPLz IV., and Seeond Eule for CHrrjing, page 26- 
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DIVISION OF NUMBEBS TOO LAB6E TO BE WOBKED 

MENTALLY. 

Shobt Division. To Divide Integers or Decimals hy 
any Integer less than 13*. 

First. Write the Divisor on the left of the Dividend, 
but separated from it by a vertical curve ; thus, ). 

Second. Draw a horizontal line below Dividend, and 
place under this line a Decimal Point, directly beneath 
that of Dividend. 

Third. Put also, under the horizontal line, a cipher in 
every place from Decimal Point to left-hand significant 
figure of Dividend,* 

Fourth. Commencing at left-hand, Divide each figure 
of Dividend by Divisor, putting down each Quotient- 
figure under the Dividend-figure from which it is obtained, 
and carrying every one, which may be over in any place, 
to next right-Hand place as a ten, (Principle IV.) 

Fifth. If Dividend contain Integers only, express Quo- 
tient of remaining units, either as a Vulgar Fraction or 
as a Decimal Fraction.f (See p. 108*) 

Sixth. Efface useless ciphers. (Pbincifle II.) 

Pbinciple XIV., p. 99*, shews that ''''Each unit of 

Quotient is a Complex Unit^ and is equivalent to the whole 

Divisor, Consequently, 

Every ten of Quotient = 10* times Divisor. 

Every hundred of Quotient = 100* times Divisor. 
Every thousand of Quotient == 1000' times Divisor. 
&c. &c. &c. 

This explains why, in the following example, although 
there are many eights in 6000', yet we have no Quotient- 
figure in thousands' place. For, Digit 1 in that place 
would represent 1000* eights, which are not contained in 
6000-. 

FiBST EXAMPLE WOBKED OUT. InTEGEB DIVIDED 
BY InTEGEB. 

Find how many eights are contained in 6143*, and how 
many units in one eighth of 6143*. 

* Notes to Tbachbb. The reason for this proceeding is slated io note to 
page 33*. 

t The pupil should be allowed to discover for himself the limited possibility 
of the latter method. His observations on this point will prepare him for the 
disoussion of Intenninate Decimals. 



BY INIEQESS. 

No. of eights in 6143- = No. of unite in J of H143-. (Pew, Hl^ 

6- )6143- '"" Dmsor S QeHa- "™' o™""" 8) 6143- 
OOOO- Quotient =~767| Quotient = 767-875 



This gives ua Quotient 









s Integer and Vulgar Fraction. 

To obtain it as Integer and Decimal, we carry, from 
fouith line of above work, 70 [tilths), and say, 

EldiUlnTDIlcnUi) =»(leaUi D/B'linriniMUhil una. 
Elgbti in en (^omMj.) = 7 l^wu"*!-!^,"' Ian d 1 jliiiniUU.I ovel. 



•n n Cam 7 411 IwiidAi J 



Seoond examplk woekkd out. Decimal divided 
JT Intbobr. Find what part of 4' is contained in 
■0004954 of a unit; and, also, wbat part of a unit la 
equal to i of -0004954 of a unit. 

Eismple prepared. Rianiple comploted. 

4 0-0004954 4' )-0004954 

■0000 ■00012385 of 4- in -0004954 of 
■ = } of -0004964 of Iv 

EXEECISE LVIII. 



M 



Observe: first. When Dividend conlaiiii nu Decimals, Quotient 
of remaining uniti U to be gitien both ai a Vnlgar Fraction and 
at « Decimal. 

Second. After viorlting each Example, write againil tht QuoUtnt 
(as in above txaiapleii il» true value, and id coincident iialae. 

3-)43"l38» 



Ei, !■ 

a-ia4.ii684' 


a-) 541-30843 


Ex, 3- 
a-)-00054B3 




Ex. fl- 

3-)-uuy04a7 


Ex, 7- 
4'1713flB5H^ 









El. 9' 
4')'O0Ull54 


5-)4lin'IOO- 


Ei. 11- 
6-) 1-^1130 
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Ex. 13- 
5-)-134627 



Ex. 14- 
6-)'O010032 



Ex. Id- 
s' )31'0924 



Ex. 18- 
7-)34163684- 











Ex. 17- 
7')814-80064 


Ex. 18- 
7-)184:i254 


Ex. 10- 
8-)540{)00- 


Ex 20- 
8-) 1-084536 


Ex. SI- 
S' V0789205 


Ex. 22- 
9-)6318-423 


Ex. 23* 
9-)30O0O0-6 


Ex. 24- 
9-)-006l308 


Ex. 25* 
10-)7438284- 


Ex. 36- 
10-)415-3435 


Ex. 27- 
10-)-07958 


Ex. 28- 
110*6958435 






Ex. 29- 
ll-)362-253 


Ex. 30* 

ll-)-00682187 


Ex 31' 
12)9413865- 


Ex. 32- 
12-)1439-656 



Express as Decimal Fmc 



ions the Quotients 



88- Of l-i 


- 2- 


40- 0f2--7. 8- 


47- Of 4--: 


r 5- 


54- Of 6H 


-12 


34- Of I'H 


- 4- 


41- Of 2- -^ 10- 


48- Of 4- - 


r 8- 


55- Of 7— 


r 8' 


35- Of l-i 


- 5- 


42- Of 3- -7- 4- 


49* Of4-- 


l-io- 


56- Of 7- ", 


r-lO 


86- Of 1- -. 


r 8- 


43- Of 3- -^ 5« 


50- Of5--- 


- H- 


57- Of 8-- 


rlO 


87- Of 1-- 


-10- 


44- Of 3- -r 6- 


51- Of 5--: 


rlU- 


58- Of 9«- 


1-10 


88- Of 2-; 


r ^* 


45- Of 3- -h 8- 


52- Of 6- - 


r 8- 


59- Of 9-: 


rl2 


89- Of 2- 


r 5- 


46- Of 3- -r 12- 


53- Of6-- 


rlO- 


60- Of 13- - 


r- 8 



Reduction of an Impkopeb Ebaction to its 
equivalent whole ob mixed numbeb. 

Since i == V, there are as many Units in -^ as there 
are fives in 59*. 

.-. No. of Units in \^ (= 59- ^ 5- and) == Hi Units. 

To Reduce an Improper Fraction to a whole or Mixed 
Number, 

Divide Numerator by Denominator. 



EXERCISE LIX. 

EXAMPLES IN BEDUCTI0N,T0 WHOLE OB MIXED NUMBEB8, 
OF IMPBOFEB FBACTIONS HAYING DENOMINATOB LESS 
THAN 13*. 

1- How many units in ^, m^, 993^^99 ^ a^? 

2' Reduce to whole or Mixed Numbers, W, ^, tt» V» ^' 

3' Express as a whole or Mixed Number, the 614th Multiple of f 
of I of 194- 

k2 



BEDDCTIOS OF lUPKOPEK FRACTIONS. 



Btduei to Khale or Mixed Namberi, 



10- The Difference of '^iH 
]!■ The Square of the Ittlh 
Multiple of Vi 

12- Five eigbths of 653i 

13- Seven Iwolfths of 5391A 



4- One third of J of 7^ of 83' 

6- A X A X i* of flJOi 
e- The Product of \i Biid fi-35 

7- The Cobe of -f dirfes 3l 

8- The ei3[h Moltiple of OJ 
0- The Sum oi' i, f, A and | 

Kethod of Proof of Division, When we divide any 
Dividend by 5- the Quotient expresses (secondarily,) the 
number of Units in i of the Dividend. 

Therefore, 5' times that Quotient will le-produce the 
Dividend; for 5- limes ^ of anything is the whole of that 
thing. 

-■. Dividend ^= Quotient x Divisor. 

To prove Division, therefore, we multiply the Quotient 
by the Divisor, and if the work be correct, the Product 
will be equal to the Dividend. 

ExiMPiB WORKED OUT ANU PKOVED. Divide 64332" 
by 5% and prove the work. 

mpleUd, by Brst motliocL 



Diviaor 5- )6J332- 

1286i;| Quotient 



'= ^ of Dividend. fl 

nployed as Multiplier. ^ 

"64332^ ^ 5- timea Quolienl^ Dividend. Proo^ 



12866'4 Quotient = \ of Dividend. 

S^ 

64332- — 5- (imee Quotient = Dividend. Proof. 

Principle XIX. The Quotient and Divisor are Cor- 
retpanding Factors of the Dividend. 

Corollary I. Hence, a Fraction multiplied by itg Denomi- 
nator gives ils Numerator. 

For f is Quotient of 7--^8' (PltinciPLE XV.): 
.■- 1X8- =7- (Principle XIX.) 

This may be shewn also in other two ways. 
First. ■■■ S = J of 7' (PiwNonTE XVI.); .-. f X 8- = 8' tinios 
i of 7- = 1: 

For 8' times i of anything = the whole of th»t thiag. 
Seoond, i X »■ = ¥. iwil 'i' = 7' (Ekbbcisk LIX.) 
.-. t X 8- = ?■ as before. 
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The fact enunciated in this Corollary to Principle XIX. 
becomes serviceable whenever we have to multiply any 
Mixed Number by the Denominator of its Vulgar Fraction. 

For instance, in proving the foregoing Example in Diyision, (as 
worked by first method,) the first step is to multiply f by 5*. But, 
knowing that **A FrcLction multiplied by its Denominator yields 
for Product its Numerator" we have nothing further to do with 
this Fraction (f ) than simply to carry its Numerator (2*). 

Now, because 642* contains 107* sixes, 642* -t- 6* = 107' 

.-. 642- = 107- times 6- 
But 107- times 6- = 6* times 107* Phinciplb VI. 

.-. 642- -r 107- = 6% whilst 642- -r 6- =107* 
Here, 6* is Quotient when 107* is Divisor, and 107* is 
Quotient when 6* is Divisor. 

Corollary II. to Pbinciple XIX. The Divisor and 
Quotient may exchange places, if Dividend be retained 
unaltered. 

Compare this with Principle VI., page 42*. 
Seeing, then, that Dividend is Product of Divisor and 
Quotient; that Dividend -f- Quotient = Divisor; 

and that Dividend -r- Divisor = Quotient, we say, 

Pbinciple XX. Any Number divided by one of its 
Factors gives its Corresponding Factor* 

EXERCISE LX. 

EXAMPLES IN DIVISION OF INTEGEBS AND DECIMALS 

BY INTEGEBS LESS THAN 13*. 

Every example to he proved. 

1* How many eights are contained in two million^ seven hundred 
and thuly-seven thousand^ three hundred and forty-six, and 
seventy-eight one-hundredth parts } 

2* "What Number is contained eight times in 2737340'78 ? 

3- What is the twelfth part of 772317-6? 

4- What part of 11II36- is 8? 

6* What Number must 7* be multiplied by to produce 241797'78? 

6- Find the Factor of 37638*172 corresponding with 11- 

7- Of what Number is -00079528 the 4th Multiple? 

8- Of what Number is 6946341})-7972 the 11th Multiple? 

9- What Multiple of 12- is 4342 1148*? 

10* Find what Number which, being multiplied by 10% will produce 
61483-5429. 

* Note to Te ach r r. As Principles IX. and VII. will enable us to establish 
the troth that, ** When four Numbers are Proportionals, the Product of the 
Extremes is equal to the Product of tlie Means" so by the aid of Principle XX. 
-we shall be enabled to dedaoe the Bole for finding a Fourth Proportional to 
three given Numbers. 

k3 
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11- S£x is one Faotor of 8431584-, what ia the Corresponai: 

Faolor? How do you prote it? 

13- What Miilliple is 70884258- of 0-7 

13- By whitt No, most 6- bo mnltiplieii to produce 170-7033157 

14- What Multiple of 3- ia 18D44&cm-o;)&er 
IS' Haw miaij times 3- malie 41t)8B9-634.r 
16' How many nine* musl be added tagalher to make 3618720- 
17- What Multiple of 6- are nine ttnun 9UJ25-? 
IR' Find half the Sum of 7L4-3S, 9140-2, and twenty thousand and 

twelve. 
18' Find half the Sttm and ha^ the Differenee of 014- and 410- 
aO' Add half tht 8ma of 748' and 348- to half their Differenee. 

Subtract ha^ the Differfoei from half the Sum. 
31- Ealf the Sum of two Noa. -J- Half their Biff. = the No.? 

Half the Sam of two Noa. — Ha^ Oieir Diff. = the No.* 

33- fba Sum of two Nos. is 1B307- aud the Difftrerme is 3021-; 

wbat are those Nos.T 
aa- Tha illi Multiple of the Sum of two Noa, ia 32172-. and the 

9th Multiple of their Difference is 1)8123'; flod the Nos. 
24- Which is the greater, and by how much, The third part of the 

Sam of tha Square and the Cube of 6143H7', or the Fourth 

Power of the Differance of the Ninth mid Twelfth Multiples 

of 8715463-7 

LONG DITISIDN. 

On page 96- three methods are described for finding 
how many times a Divisor is contained in a Dividend. 

In Exercises LVIII., LIX., and LX., we have pro- 
ceeded on the third of those three methods ; namely, by 
Subtracting from each Dividend -figure the highest possible 
Multiple of Divisor. 

This ie the method always adopted for calculation: and 
in employing it we separate the Dividend, as we go along, 
into a series of Minuends, from each of which we subtract 
the highest possible Multiple of the Divisor. 

And, since we have no higher Digit than 9 to put in 
any place of Quotient, the ninth is the highest Multiple of 
Divisor that we can ever have occasion to ascertain. For, 
knowing the niiUh Multiple, we at once obtain the ninetieth 
the nine-hundretk, and so on, by removing Digits of ninth 
Multiple one, two, or more places to the left, by PaiN. X. 

Now, when {as is the case in the last three Exercises,) 
the required Multiples are at once known from the Multi- 
plication Table, the greatest Number we can have to 
subtract is 108' {nnits, or tens, or hundreds. &c.); and 
the (greatest possible Remainder is 11- {units, or letu, or 
hundreds. &c.); for the greatest Minuend is DO more than 
119- (units, or lens, or hundreds, &lc.). 
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Hence, with Divisor an Integer not exceeding 12', the 
entire work. Finding the Multiples, Subtracting, and Carry- 
ing, for each separate Quotient-figure, can be performed 
mentally; and nothing needs be '^set down" but the 
Quotient-figures as they are successively found. Hence, 
Examples thus worked are said to be done by Short 
Division. 

We shall presently find that with any Divisor expressed 
by a single Digit, or by 11 or 12, the work may be 
performed by Short Division. 

In Long Division, all the Minuends, Multiples, and 
Remainders, are written out at full length; and this is 
quite necessary when we have a large Divisor. 

PLACES OF QTJOTIENT-FIGUBES. 

In Short Division by Integers, we have seen that " In Dividing 
by Units, each Quotient-figure falls under corresponding Figure of 
Dividend." 

Now, any Integer whatever may be considered and treated as 
Units. For, if we liad a Digit capable of expressing, for instance, 
Three hundred and forty-nine^ then that Number would be ex- 
pressed by that Single Digit in the Units place. 

Therefore, what was true of Units is true also of Integers; 
Hence, 

In Dividing by any Integer, each Qitotient-Jigure falls in 
the same place as right-hand figure of the Minuend from 
which it is derived, 

LONG DIVISION BY INTEGEBS. 

To Divide Integers or Decimals by any Integer greater 
than 12*. 

First. Place the Divisor on the left of the Dividend, as 
in Short Division, and draw, on right of Dividend, a 
vertical curve, thus ( to separate the Quotient from the 
Dividend. 

Second. For your first Minuend, take the least number 
of left-hand figures of Dividend that express, by them- 
selves, a Number not less than Divisor. 

Third. Judge, as nearly as you can, what Multiple of 
Divisor is nearest less than this Minuend. Place Corres- 
ponding Factor of this Multiple as left-hand figure of 
Quotient, in same place as right-hand figure of first Minu- 
end (see p. 107'). filling with ciphers all places to Decimal 
Point. (Pbinciple II. p. 3') 

Fourth. Multiply Divisor by Quotient-figure. Place 
the Product (which we shall call Multiple-SxxbXx^^^xA^^ 



^H under first Minuend (filling up with ciptiera to Decimals 

■ Point). 

^^ Fifth. At this stage, pause, and ascertain whether }rou 

^^M have not chosen too high a Quotient- figure. If your 

^^L Multiple- Svhtrahend be greater than your Jint Minuend, 

^^K the Quotient -figurt will he too high ; therefore remove it 

^^H and ita Mullaple-Subtrahend, and try a Quotient -figure 

^^B one lower. Proceed thus until you find a Quotient- figure 

^^V which giTes a Multiple-Suhtrahend less than Minuend.* 

^V Sixth. Draw a horizontal line under Multiple-Subtra- 

^H hend, and Subtract. 

^H Seventh. Again pause, and see whether Remainder 

^H (without its iilUng-up ciphers) be less, or not less than 

^H Divisor. If Remainder he not less than Divisor, the Qao- 

^H tient-Jigtire will be loo low; therefore remove it and its 

^H Multiple- Subtrahend, and try until you find the Quotient- 

^H figure whose Multiple -Subtrabend will leave a Remainder 

^H less than Divisor.* 

^H Eighth, To this Remainder, " take down," in its proper 

^H place, next Dividend- figure. Tbis furnishes you with a 

^H second Minuend, with which work, as before; remember- 

^H ing that, in Dividing by Integers, each Quotienl-Jigwe 

^H standi in same place as right-hand figwe of its Minuend. 

^H Ninth. Express Quotient of remaining Units, (when 

^H Dividend contains no Decimals,) eitber as a Vulgar Frac- 

^H tion, (Principle XV. p. 99',) or as a Decimal Fraction, 

^H adding as many ciphers as may be neccessary to fonn 

^H further Minuends, when ail the Dividend-figures have been 

^H " taken down," 

^B FiBST Example wokked oct. Divide 33855237' by 

« 468- 

■ In this Example the Divieor (469' ) consiats of only three plaoes 
of figures, but tbe three left-hand figures of Dividend (338) da not 
contain the DiTisor. We must, consequently, take for onr first 
Minuend the /cur left-hand Jigurei at Dividend, (33^5). And 

IbecflMBH tlie right-hand figure of this Minuend ocenpies tifth plaoe 
of Integers, the Brst Qnotient-figore will also stimd iu fli'th place of 
Integers. Afterpliuing the first Qualient-flgore, then, the Example 
viU appear thus: 
Dlilsor. Dlridend. QuaLieut of flrat MlaneDd. 
408- lS3855a.^7-( 70000- 
• NiiTE ToTBidUEB. Bome niiiBUraBlliiw their pqpila to maka for [ham- 
HcWei al'abis •>! die Oret nine Multiples uf the Divisor, b; rsfeiring to wLich. 
Table it IB at once sotn ™hM QnoUBDl-FlEn™ aliooia bfl emplojfed. adob aid 
OB}' be aeefal ol Urn, taot Bbonld be diapeneed nith attar afeir eumple?. 
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And the Example completed will stand as follows : 
BiTisor. DiTidend. QaoUent 

468-)33855237-(72340'25 

32760000' Ist Minnend 3385 {ten-thousands). 

"77:71././... Ist Quotient-figure, 7(0000-) 

1095000- ist Multiple-Subtrahend = 468- 
936000- X 7(0000-) = 3276(0000) 

3276 {ten-thous.) < 3386 {ten-thous,) 

159200- /, Quotient-figure not too high, 

1404 00- 1st Remainder = 109 {ten-thous.) 

1 QQQn. 109* < Divisor, 

18720- *'• QuoHent-figure not too low. 

2Dd Minuend 1095 {thous.). Proceed as 

117-0 before. 

93. g 5th Minuend (117*) being less than Divi- 

sor, let cipher remain in Units' place 

23-40 ^^ Quotient, and "take down" 0, as 

2S-40 °^ more Dividend-figures are lefL 

Z_y 6th Minuend 1 1 70 {tenths. ) 

CONTRACTION BY OMISSION OF CIPHEBS. 

It is the usual practice to omit all the fiUing-up ciphers, 
BO that the finished Example stands thus : 

Divisor. Dividend. Quotient. 

468-)33855237-)72340-25 
3276 



1095 
936 



1592 Whenever ciphers are thus suppressed, it 

1404 must be carefully borne in mind that each 

Digit of Multiple-Subtrahends, of Remain- 

1883 ders and of Minuends, is to be understood 

1872 ^ belonging to same place of Integers or 

Decimals as the Dividend-figure standing 

j^ j^ yO immediately over it* 

936 



2340 
2340 



* Note to Teacheb. We have heretofore stadionsly eschewed this practice 
of sappression, from experience of its peraicioas effects, when introduced 

Srematurely, or without due preparation. (See notes to pp. 71* and 72'). 
finety-nine per cent, of young persons instructed in Arithmetic on the old 
methods will be found to read unti-uly every figure of the above work. As a 
■ecority against error, the pupil (although he has had such ample practice in the 
true placing and reading of figures,) should work out at least ten Examples of 
Exercise iJil. toitfiout suppression; and in those Examples wherein he is per- 
mitted to abbreviate the work by omitting ciphers, he should be frequently 
ealled on to read accurately those parts of the process affected \;>^ \\ie oteAssi.qii. 
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Method of Proof, the same as in Short Division ; namely, 
Multiplying Quotient by Divisor to reproduce Dividend. 
(Pkinciple XIX. page 112-) 



Second Example wobked out and proved. Divide 
1-737813 by 462-. 

Here, first Minuend is 1*737, and because the right-hand 
figure 7 is in 3rd place of Decimals, First Quotient-figure 
will be in 3rd place of Decimals ; for, when Divisor is an 
Integer every Quotient-Jigure falls in same place as right' 
hand-figure of its Minuend, (See page 115*) , 



Ex. completed. Ciphers expressed. 
DivT. Dividend. Quotient. 

462-)l-737813(-0037615 
1-386 



•3518 
•3234 

•02841 
•02772 

-000693 
-000462 

•0002310 
•0002310 



Cipher* suppressed. 
Divr. Dividend. Quotient. 

462-)l-737813( -0037615 

1-386 462- Div.asMultr. 



^1 • 

o *^ o 
2 ^ 

•I'll 
•9 So 

(D g & 

m 



-007523 
•22569 
1-5046 



3518 
3234 

2841 

2272 1-737813 Proof. 

693 
462 

2310 
2310 



Third Example worked out and proved. Di\'ide 
73148629- by 6025-. 

Example completed; Ciphers omitted. 



Divisor Dividend. 

6025-)73148629-( 
6025 



Qaotient 

12U0UH 



6025- 



12898 
12050 



8486 
6025 



In proving this Example, 
the first step is to multiply 
the Vulgar Fraction fjff 
by its Denominator. 

But a Fraction multiplied 
by its Denominator yields 
for Product its Numerator. 
73148629- Proof (Principle XIX., Cor. I.) 

Therefore, we have only 
to carry and add in the 
Numerator 5129* of the 



65829- 

242800- 

72840000- 



24612 
24100 

-^9 _ ^1^ of 6025-. ^^^8^ ^^^°'^°°- 



6- 


Divide 8643-625 by 16026- 


7- 


Divide 16- by 9376- 


8- 


Divide 1- by 1024- 


9- 


Divide -001 by 128- 


10- 


Divide 8-1416 by 640- 


14- 


Of -01486 -^ 2408- 


lb- 


Of 5- -7- 512- and 4- -^ 25- 


10- 


Of 7--H 16- and 11- -f- 75- 
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EXERCISE LXI. 

EXAMPLES IN DITISION 07 INTEGERS AND DECIMALS BY 
INTEGERS GREATER THAN 12-.* 

When Divisor is an Integer with one or more ciphers 
next to Decimal Point, the process is abbreviated by 
working nnder Principle XXL, which governs Division 
by Decimals. 

1- Divide 843616-435 by 76- 

2- Divide 64384286 by 604- 
8- Divide 7169848-1946 by 1910- 
4- Divide -0182392 by 2048- 
6* Divide -008646375 by 4096- 

Find the QuotienU 

11- Of 36- -j- 46- & 64- -tr 96- 

12- Of 714- -^ 1214- & -5 -r 64- 
18- Of -0014 -r 61843- 

17- What Factor of 1804699-297 corresponds to 23-? 

18- By what No. must 34- be multiplied to produce 276357-6581 ? 
19' How many times 46- are contained in 31624*816 ? 

20- What Multiple of 914749- is 53055442- ? 

21* Sixty-nine is one Factor of 48964-815, what is the Corresponding 

Factor? 
22- Of what No. is 3701-2312 tlie 4rth Multiple? 
28- Rnd the ysinth part of 59044-85049. 
24- What part of 68118176511- is 6045873-? 
26* Find that No. which must be multiplied by 879146- to produce 

326034*810684 

26- What part of 22748-8026 is + of 43038276- ? 

27- Of what No. is ^Ar of 7425028227636- the 29th Multiple? 

28- What Multiple of 5- is equal to rsW of 448349273425-? 

29- How many times can 4839786* be obtained from 29062914930- ? 
80- What Factor of 58543382524158* corresponds to 7146874- ? 

DIVISION OF INTEGERS AND DECIMALS BY COMPOSITE 

NUMBERS. 

When the Divisor is a Composite Number, we may 
divide by the Corresponding Factors, one after another, and 
when each of the Factors is less than 13*, we thus avoid 
Long Division. 

How many twenty-eights can 319- be distributed into ? 

The Factors of 28- are 7- and 4-; for 28- = 7- X 4- 

Dividing by 28- is, then, the same thing as dividing first by 7* and 

then the Quotient by 4*, or dividing first by 4* and then the Quotient 

by7- 

* Note to Teaches. As Quotiente wiU now oconr contaminfl iQore than 
twelve places of fignres. the pnpil should at onoe study the Third Numeraiiou 
Table. (See Table of Contents.) 
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To do this experimentally, vre should first arrange 319* 
in laoups of seven each. There would be 45' such groups, 
and 4' units remaining, shewing that 319' = 45J- sevens. 

Now, 4- groups of seven must be put together to make 
a group of twenty-eight. There will he 11* auch groups, 
and 1 seven over, which, with the 4' units remaining from 
the first division, will make altogether a Remainder of 11- 

,■- Ko. or twenty- eiglits in 310- = \i\\ twautj- eights. 

Every unit of First Quotient being equal to the First 
Divisor, (Pkisciple XIV.) every Unit over from Second 
Divisor is equal to the First Divisor. Hence, to reduce 
Second Remainder into Simple Units, Multiply it by First 
Divisor. 

If we Divide by a third Factor, and have a Third 
Remainder, each of its Units is (like each Unit of Second 
Quotient, from which it remains) equal to Product of First 
and Second Divisors. Hence, to reduce Third Remainder 
to Simple Units, Multiply it continually by First and 
Second Divisors. 



In the I 






; Divide successively by any 



number of Factors, each Remainder must (in order to 
Reduce it to Simple Units,) be Multiplied continually by 
all the preceding Divisors, except the last. 

To Divide Integers or Decimah by any Composite Integer, 

First. Divide Dividend by any Factor of Divisor. 

Second, Divide Quotient by a Corresponding Factor of 
Divisor. 

Third. Divide Second Quotient by Third Corresponding 
Factor, (if any,) and bo on, until the whole set of Factors 
have been employed as Divisors. 

Fourth. To find the True Remainders, (when Dividend 
has no Decimals,) 

Multiply 2nd Remainder hy \at Divisor, and add in \st 
Remainder. 

Multiply Srd Remainder continually, hy Ist and 2nd 
Divisors, and add in 2nd Tr»e Remainder. 

Multiply 4tk Remaxnder, continually, by \gt, 2nd. and 
3rd Divisors, and add in 3rd True Remainder. 

And so on, always multiplying New Remtunder con- 
tinually by all preceding Divisors (escept tlie last), and 
adding in last-found True Remainder. 
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I 

PiBST Example woeked out. Divisoe having 
TWO Factobs, each less than 13*. Divide 56497663. 
by 72-. 

The Divisor having two sets of Factors, this Example may be 
worked in /our ways. 

first, Dividing by 12* and 6* 
yg fl2- )50497663* 

I e- )470H138A twelves in 56407603* 

784689ff seventy-twos in 56497663- 

By first method : Second RemaiDder 4* = 4* twelves, because 
each Digit of First Quotient is a twelve. (Principle XIV.) And 
7* units remain from first Division. 

.". True Remainder = 4- X 12- + 7- = 65* =» f ^ of Seventy -two. 

Second, Dividing by 6* and 12* 
y<^. f6* )564»7663- 

\ 12- )94i6277i sixes in 56497663- 

784HH»^f seventy-twos in 56497663- 



By seoond method : First Remainder = 1* Unit. 

Second Remainder = 9* Sixes. (Why ?) 
/. True Remainder = 9- X 6- + V =bli'= H of Seventy -two. 

Third, Dividing by 8* and 9- 
yg. J 8 *)56497663 - 

l 9* )706'2207i eights in Dividend. 

7846S9ff seventy-twos in Dividend. 

By third method : First Remainder = 7- Units. 

Second Remainder = 6* Eights. (Why?) 
.-. True Remainder == 6- X 8* + 7- = 55- = H of 72- 

Fourth, Dividing by 9- and 8- 
72- i 9* )56497603 - 

1 8* )6277518i ^ nines in Dividend. 

784089 y^f seventy -twos in Dividend. 



By fourth method: First Remainder = 1- Unit. 

Second Remainder = 6- Nines. (Wliy ?) 
.-. True Remainder = 0- X 9- + 1- ^ 55- ^ U of 72- 

EXERCISE LXII. 

SXAMPLE8 IN DIVISION OF INTE6EE8 AND DECIMALS BY 
COMPOSITE INTEGEB8, HAVING TWO FACTOBS LESS 
THAN 13*. 

1- Divide 37109564- by 25-, and 38-16 by 45- 

2- Divide 43684250- by 30-, and 6154-3 by 32* 
3* How many times 42- in 916427*? 

L 
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4- Find Vt of 64321864% and ^ of 6*49 

5- Find ^ of 31454986% and ^ of 932*15 

6- What is riff of 614325684-? 

7- Divide 7145438953- by 121- 

8- Find Quotients of 614382- -^ 81' 

9- Of 3420006-48 -f- 132- and of 7146832* ^ 55- 
10- Of 74965394- -f- 35- and of 396435- -r 144- 

Second Example woeked out. Divisob hating 
THBEE Factobs, EACH LESS THAN 13*. Divide 99805354- 
by 315-. 

The Divisor having three Factors, namely, Q-, 5*, and 7*, this 
Example may be worked in six ways. For we may Divide either 



By 9-, 5-, and 7*, 
By 9*, 7*, and 5-, 



By 5', 9-, and 7*, By 7*, 5-, and 9-, or, 

By 5-, 7-, and 9-, By 7-, 9-, and 5*. 



First, Dividing by 9-, 5-, and 7-. 
9- ) 99805354- 



315- . 



5- ) 110894831 ^ nines in Dividend. 
7- )2-^l 7896ft forty-fives in Dividend. 

316842^ff three-hundred-and-fifteens in Dividend. 



Ist Bemainder = 7 Units. 

2nd Bemainder = 3* Nines. 

2nd True Remr. = 3- X 9- + 7- = 34- = ff of 45* 

3rd Bemainder = 2- Forty-fives. 

3rd True Remr. = 2- X 45- + 34- ^ 124- = Jf* of 815- 

Second, Dividing by 5-, 7-, and 9-. 
f5-)99805354- 



315- 



7- )l99(ii070^ fives in Dividend. 
9- )285158LH thirty-fives in Dividend. 

316842^-^ three-hundred-and-fifteens in Dividend. 



1st Bemainder = 4- Units. 

2nd Bemainder = 3* Fives. 

2nd TrueRemr. --= 3- X 5- + 4- = 19* = if of 35- 

3rd Bemainder = 3- Thirty-fives. 

3rd Trae Remr. = 3- X 35- + 19- = 124- = Jft of 315- 

EXEBCISE LXII. {c(mtinued.) 

' 11- Divide 18936975- by 308- 

12- What is jiff of 12069660423- ? 

13- Find the Quotient of 22743145705- -^ 396- 

14- Find the Quotient of 83357016675- -f- 264* 

15- Find the Quotient of 23104448971- -r 252- 

16- Divide 905490*50634 by 126* 

17- Divide 24804028*6362 by 726- 

18- Divide 849260137*6116 by 1188- 

19- Divide 150478967*016 by 504- 

20- Divide 618376*08 by 588- 
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When Divisor or Dividend is a Vulgar Fraction or 
Mixed Number, there are three ways of arriving at the 
Quotient. 

First. When the Divisor and Dividend are Simple 
Fractions with a Common Denominator, they may be 
considered as like units (of the magnitude described by 
their Common Denominator), and their Quotient is at once 
expressed^ frctctionally^ hy writing Numerator of Divisor 
under Numerator of Dividend, (Pbin. XV. p. 99'.) 

.-. tWt -MH = T^A (of «f ). 
And, ^i^ ^ Tftfe = Vs^ (of VW) = 4H (of Mr). 
Also, 19| ^ 4| = ift -T- ^ = Vs^ (of ^) = 4A- (of ^). 

Any two Vulgar Fractions may, of course, be treated 
thus, if previously reduced to a Common Denominator. 
And there is no other way by which the Division of one 
Fraction by another can be experimentally effected. 

The second means of obtaining the Quotient is to 
Multiply Dividend by Reciprocal of Divisor. (Pbinciple 
XVII. p. 106*.) Taking the same three examples as 
above: 

A^-T- HI (= AV X H* or ^ X ttf) = *V, as above. 

Al8*,tt^^Tftfe(=mxWorWxm)=W=4M. 

And 191 -T- « = ^F-T-¥ (=^P X ^ or W X I) = W = 4A. 

Again, A-T-f (= A X t &c.) = ff (of f) = 1* (of i) 

Now, comparing this process with the former one, we 
shall find that the two are, in reality, the same. For, in 
reducing the two Fractions to a Common Denominator, 
and then writing New Numerator of Divisor under New 
Numerator of Dividend, we do really and only Multiply 
Dividend by Reciprocal of Divisor. This is shewn by 
working last Example by first method. 

^^^y TT'^i~9i'^f9~ 11X9 "^ 9X11 — 1 1 X 6 ~ A ^ i' 

Here, Num, of Quo, = Num, of Dividend X Den. of Divisor. 
Den, of Quo, = Den. of Dividend X Num. of Divisor. 
.*. Quotient = Dividend X Reciprocal of Divisor. 

The third method of Dividing one Vulgar Fraction by 
another is derived from Pbincifle XIX. 

For, since Dividend is Product of Divisor and Quotient, 
and any Product divided by one of its Factors yields the 
Corresponding Factor ; 



w 



t vniGAB FRACTIOIfa. 



-■. ff being = ^ X V or = f x V. 

In all four of those instances, to obtain the QuodSfil 
we merely Divide Numerator by Numerator, and Denomi- 
nator by Denominator.* 

To Divide a Vulgar Fraction by an Integer, we 
either Divide Numerator, or MuUiply Denomiaator by 
the Integer. 

Vm flS -1. a. -i= "' ^ ° . ix, I Those re3alt.t agree, for 
-• ut. TT . 1 - .1 ^^ H = H by PRIB. XIII., 

or, f^H-f "^HXi^fi I p. 7«-. 

To Divide Integer, Vulgar Fraction, or Mixed Numier 
hy Vulgar Fraction or Mixed Number. 

First. Reduce Integers and Mixed Numbers to Improper 
Fractiona. 

Second. Multiply Dividend hy Reciprocal of Divisor.-f 

Tlie Prodnot thus fraina only coincides with the true Qnotien^ 
that IB to BJij, is espressud by the name figures sioiilarir Eituated. 
(See pages lOl' to lOB', and Pbincifle XYII.)t 

'. ■WORKED OUT. An Intbheb -;- a 



Vulgar Fraction. 

43' -H iV = V -^ A (= »f^ X ^ 



md) = 67? Cof A). 



Sbcosb Example worked otjt. Vulgak Frac- 
tion ~ VoLQAR Fraction. What part or multiple are 
ft of ^? Or, How many times are f contained in -ft? . 

A- -r f (= * X i and) = fj (of *} = 1-,V (of #). 



Third Example worked i 



Mixed Number 



rarely or neT^r nllndnd to. Al^ougH imly advaDtaireflual; avnIlBbIs when tbn 
lemu of DiiiileQil u« respeclivEls MulUplss af tbasa of DiiiBur, It holdg 
EtDB in all o>b«b: bb Ihe rDlIawtd){ Exampls will >)iew. 

■A: ■^ S- = ifxl = * -^ ^"^ = i X VV = A X » «• lO-t-mBl ■nelhod. 
+ To aiolil the UnabU of prBiHonalj ciplsiDhiE Ihe wnrd " Risclptoaal,- 
moH Arithtnettoal " Quiiln Bonkn" cllreol the pnpll to "InveH H> nibHor 
mi MumplD," I fBmWksbl J vngiie injanolion. for the inrealou at f {(or fib 
«mpl€,) mieht be >9 ftirlj eipeclsul to prodncB ^ or J aa *. 
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-7- VuLGAB Fbaction. How many parcels, each con- 
taining iV of I'lb., can be procured from 54f lb.? 

&4f ^ A = ifAxJrfiand = HF (of A) =118e (of A) 
.•. Out of 54f lb. 118|4 parcels could be made, each 
containing A of I'lb. 

FouBTH Example woeked out. Integek-=- Mixed 
Ntjmbeb. Divide 98- by Hi 
98-^lli=V^^<^=VXAand=W(of lli) = 8H(oflli) 

Fifth Example woeked out. Vulgab Fbaction 
-s- Mixed Numbeb. Divide A ^7 4 A 

At H- 4^V = A-T- if =^ T^XH and = iH (of 4A) 

Sixth Example wobked out. Mixed Numbeb -=- 

Mixed Numbeb. How many lb. of beef at 4^^ pence 

per lb. can be purchased v^ith 20^ pence ? 

To ascertain this, find how many times 4} pence are contained 
in 20^ pence. 

20t^4i =¥-f. ^Sf =¥ X A and = W (of 4}) = 4*f (of 4i) 

.'. 20 J- pence would pay for 4filb. of beef, at 4} pence 
per lb. 

To Divide a Vulgar Fraction hy an Integer. 

Either Divide Numerator, or Multiply Denominator, by 
Integer. 

Seventh Example wobked out. Numebatob -r 
Integeb. What part of 2- are ^% of a Unit ? 

Hf -r 2- = iU (of 2-) 

Eighth Example wobked out. Denominatob x 
Integeb. 
ttf ..f- 2- =. AWr (of 2-), and A&% = *M by Prin. xm. p. 171- 

Ninth Example wobked out. Mixed Num- 
beb -T- Inteoeb. How many stone, of 8' lb. each, are 
contained in 94f lb.? 

To discover this. Divide 94f by 8* 

94f-^8• = *f^-^8• = ^Xiand = W(of8•) = lltt(«i5''l«».) 
.-. 94f lb. are equal to llfj stone of 8- lb. each. 

Tenth Example wobked out. Compound Fbac- 
tion -T- Compound Fbaction. Divide f of 9f by f 
of 19- 

(tof9f)+(|ofl9-)=(tof¥)4(fof^)=tx¥x4x^wi^=:.¥ft 

l3 
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Find the Qwtient* 
1- Of A-^A 
9- Of «-rA 
8- Of A4- I 
4- or 7i-r f 

8-Otl3A~H 
8- Of 01--r-iJ 

7- Of a — at- 



EXERCISE LXIII. 






IS- Of n-r- S 

lO' Of W— II" 
17' Of ^,4-;-ir 
18* or 7fr-r- la- 

lU- Of 3BA-^■tB■ 
20- Of n|-i- T 



8- Of i— 0\ 
H- Of naj-r A 

ID- Of ISA -^ ISA 

11- Of j4-e- if 
la- Of ■■ ■ 
13- or 

It- Of 

ai- or (!f of A-)-^(ni>;A<if *f) 

8i- Of (Hof '>'flii"et.3i)-r(Jof i«f fr) 
33- Of l-filx¥>-r(T'6XT4) 
24- Of f A^ of «3-?5 ) -i- di nf flf of A) 
!i5- Of V^ -i- '<!■ ; will "f tif -^ US' 
SB- Wliatpartof H"M? 
E7- Eipceas A of UJ "in Mrm* 0/" 61f 
as- What most 19^ be mulriplied hy to proJu 
ey- How mnuf lEmes f will make £9'? 
311- What FrBotioD of aD" is i? 
al- Exprees i as a FructioQ of 21-; of 6}; uid of IT- 
3.!' Heduce V lu a Fraclion of IJS- 
Thia is onlj Bnother way of saying, " Find what Fraction V are 
of i'iSl:" or. ■■ Exprtii V in "rm of m." 

33- If 6^ artiales cost l(tl shillings, viiat will 1- eostr 

To pitj for each article, ieparateli/, mi sbillings must be dia- 
trihuted iaUi 6i equal amoiintH. 

The No. of B. ip earli of tbose atnounts is tba tame as tbe No. 
of lots sf e^s, eacti that can be obtained from 16|3. [Vbjs. m.) 
.: Goat af !■ artiaU in i. = lOii. ~- <i\t. 

34- If 7S yards of oloth cost 4 Js., what will !■ jard costf 
35' If I'L) gallonB of wine cost 4-2^, what «iU i- gitUoe 00 
30' If 0} ctaeeaes weigh l»f lb., wbat is tbe weight of 'i- ah 

Find weight of 1- cheeie first. 
37- Seveo boja together weighed EiU5£lb., what was their aTeiage 

35- A stsamer went, for 1- boars at tbe rats of 0} mil(!9 per hnnt, 

and lor Ave hours, at II' miles per boor, what was her 
average speed per bourf 

39- i. and B are [mTelling lu tba same direction: A has the start 
of B by IS^ miles, but B travels {- of a mile per Lour faster 
than A. In bow many hours will A be overlaban by B? 

10' C starts to walk from Portsmouth to Londoti (7-^- miles) at the 

same time that D leavQi London to walk la PoTtsmoalh. C 

walks 3i miles ad ^our: D lijt ™ilea "> boar. When will 

tbe; meet, and at what distance from London? 

The end of each hour finds them (3^ + 21) miles nearer tagethtr. 

.'. No. of ftouri (0 taeet = Ti- miles ~ (ai + af) = Ac. miUi. 

41- What was the circunfereui-e of aooaoh-wbeel which maite 39S| 
reTOlutioDS in 400(1- feet* 

43' How many revolutiona will a wiacb-wheBl whose cirotu 
is Jli feet make in If mile? A mile = OiBO- feet. 



I 
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DIYIBION OF DECIMALS. 

When the Divisor contains one or more Decimals, the 
work of Division is carried on precisely in the same man- 
ner as with an Integral Divisor, and the only new point to 
be attended to, in placing the Quotient-figures, is the dis- 
tance of the right-hand Significant Figure of Divisor from 
Units' place, as we now proceed to explain. 

Because Dividing by any Number produces the same 
figures (similarly situated) as Multipl3dng by the Reci- 
procal of Divisor (Principle xvii., p. 106-); therefore, 

Quotient of 6184-8219 -f- -1 = Product of 6184-3219 X 10' 
Quotient of 6184-3219 -f- '01 = Product of 6184-3219 X 100- 



&c. 


&c. 




&c. &c. 




Quotient of 6184-3219 


-f 10- = 


= Product of 6184-3219 X 


•1 


Quotient of 6184-32 L9 


-rlOO- « 


= Product of 6184-3219 X 


-01 


&c. 


&c. 




&0. &c. 




Consequently, 










6184-3219 -7- 100000^ 


*^~ 


•061843219 




6184-3219 -r 10000- 


s= 


•61843219 




6184-3219 — 


1000- 


= 


6-1843219 




6184-3219-7- 


100- 


== 


61-843219 




6184-3219 -f- 


10^ 


= 


618-43219 




•6184'3219-r- 


1- 


= 


6184-3219 * Begin at the 


6184-3219 -r- 


-1 


= 


61843-219 line where 


the 


0184-3219-7- 
6184-3219 -^• 


-01 
•001 


= 


618432-19 I>ivi8ori8l-,and 
« 1 Q 1 'j.i 1 .o '®**^ upwards and 
6184321-9 downwards. 


6184-32l9-r 


•0001 


=s 


61843219- 




6184-3219 -i- 


•00001 


. b: 


618432190- 





And so on, extending the table either upwards or downwards. 
.*. Dividing by Digit 1, standing in any place, merely 
removes every Digit of Dividend as many places, but in 
THE CONTEA.KY DIRECTION, as Dividing Digit is from 
Units* place. 

Compare this with Pbinciple x., p. 60* 

Again, because 20- = 2- X 10-, Dividing by 20* is 
tlie same thing as first Dividing by 2* and then by 10* 

(EXEECISE LXII.) 

But, Dividing ^y 10* merely removes Digits one place to 
the right. Therefore, to Divide by 20-, we Divide by 2*, 
and set each Quotient-figure one place to the right. 

Similarly, to Divide by 30*, we Divide by 3-, and set 
each Quotient-figure one place to the right. And so on. 

Also, because -2 = iV of 2- (Pbinciplb iv.), = 2- x 
1" (Peinciple IX.); therefore, Dividing by -2 is the same 
thing as Dividing by 2*, and then Dividing the Quotient 
by 1- 
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But Dividing hy ■! merely removes Digits one place to 
the left. Hence, to Divide by -2. we Divide by 2', and 
Bet each Quotient-figure one place to the Left. 

To Divide by -3, Divide by 3>, and set each Quotient- 
figure one place to the left. And bo on. 



uidl03'2i 



i-ao- 



— 81-6i !■ 


■-■ l03-ii8-;- 8- — 30-41 


■ooa-fiiewi- , 


,■• lOa-aS-^ -08—2041- 


i- = 8-184 1 1 


ui(il08-38-r8000- = -OaOil 



Pkinoiple XXI. Dividing Jy a Single Digit, standi 

xng in any place of Integers or Decimah, removes every 

Quutient- figure as many places, but in the contrasy 

DIKBCTION, as Dividing Digit is from Units' place. 

Compare wi^h Prwoiple mi., p. (10- 

The Natural Place of any Quodsnt-flgure i^ that vbich it would 
occupy if Divisor were Units. (See page 115-) 

Hence, wharsvBr Dividing Digit maj- stauil, we conaider it, for 
the moment, as being jn Units' place, and llisn, Natural Place of 
Firsl Q\iolUnl,-Jlgura ii the tame as rigM-hwuA place of FirU 
MinutTtd. 

We then remove the First Qaotiant-flgare Iha neceasnrj' mtnlbeT 
of places to the right or left., in obedience to Principle ^aa., and 
the other QooUant- figures will fall into their proper places wilhont 
further tiouble. 

To Divide Integers, or Decimals, hy a Single Digit 
standing in ang place of Integers or Decimah. 

First. Decide the Natural Place of First Quotient- 
figure. 

Second. Divide as uBual: but set every Quotient-figure 
as many places to the left or bight of its Natural 
Place ae Dividing Digit is to the kioht or i.eft of Units' 
place. (PaiNCiPLE xxi.) 

Ohserve: 11 and 13 are to be conaidered aa Single Digits in t 
right-hand place. (See page 67-) 

FiKsT Example -woeked out. Divide 9543-21 
400- 

400- )9543'-21 ' f t^"""! *'^ P°»« oMnl^Bers^'' Bu^DtvWing IlTrft 

A is e«-J vlacFi to Ihe left 'ff ITntU- 

23-858025 ThBraforB, Ist Qaotieot-Bgore ia removed Iko 

■ pla^^n, lo Ihi right i^ Itt Salural Place. 

Second Examfle wokked out. Divide 76543-2 by 
■00012 

Ex. conapleted. Natnt 

•00012 )76543-2 ^»^H^|^ ^^^ ^^^- -^-p--.^ 

637860000- Thorofgre, iBtQuotioDt-'figursisrenKHBdjlw 
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EXERCISE LXIV. 

EXAMPLES IK BIYISIOK OF INTEGERS AND DECIMALS 
BY A SINGLE DIGIT (OR BY 11 OR 12) IN ANY PLACE 
OF INTEGERS OR DECIMALS. ABSTRACT NUMBERS. 

Find the Qtiotients 



1* Of 743081-252 -f- 700- 

2- Of 95763256- -f--04 

3- Of 8654-3218 -T--008 

4- Of 129-8643 -f- 1200* 
fl- Of 64-9648 -7- 30000- 

6- Of 1- -f- 80000- 

7- Of 7-875 -f- -00005 

8- Ofll--r-8-andU--T--08 

9- Of -00004 -f- -00004 
10- Of 40000- -f--0004 



11- Divide 843216473- by 11000- 

12- Divide 342186-423 by -008 

13- Divide 765432168 by 0012 

14- Divide 84- by -005 and by 500* 

15- Div«- 1- by 2- by 20- by 200- <fe by -02 

16- Divide 4- by -08 by 80- and by -008 

17- Divide 3- by 120- apd by 4000- 

18- Divide 7- by 08 by 800- and by -0008 

19- Divide 6- by -0012 and by -00008 

20- Divide 5- by -02 by '0^ and by 800- 



DIYISION OF ANY INTEGER OR DECIMAL BY ANY 

INTEGER OR DECIMAL. 

Any Number whatever would, if we had Digits enough, 
be expressed by a single Digit; and that single Digit 
would occupy the right-hand place of the Digits which 
tiow express the number. (See page 115*) 

Therefore, any combination of Significant figures may 
be considered as equivalent to a possible single Digit in their 
right-hand place; just as 11 and 12 are always treated. 

It follows, then, that Principle XXI. is true, not only of 
Numbers expressed by single Digits, but of any Number 
whatever. 

Extension op Principle XXI. Dividing hy any 
Integer or Decimal removes every Quotient-Jigure as many 
places, BUT IN THE CONTRARY DIRECTION, as right-hand 
Significant figure of Divisor is from Units'* place. 

Now, 295460- -H 395- = 748-, therefore the Natural 
Place of first Quotient -figure 7 is the third place of 
Integers. 



.*. 205460- -^ 39-5 >= 7480* Each Qao. Fig. being moved one place 
29M60- -?- 3tt5 = 74800- Each Quo. Fig. being moved two places 
205460- -*• -395 = 748000- Each Quo. Fig. being moved three places 
295460- -«- -0395 =s 7480000' Each Quo. Fig. being moved/our places 
&c. &o. &o. &c. 

Also 896460- + 3950- >? 74*8 Each Quo. Fig. being moved one place 
295460- -J- 39500-= 7-48 Each Quo. Fig. being moved <K?o;>^ace« 
295460-^ 395000-= 748 Each Quo. Fig. being moved ^Areejotoces 
295460- -5-3950000-= •0748Each Quo. Fig. being moved/oMr;>/accs } 



to the 

Wt. 

Why? 



to the 
right. 
Whyf 



Again, 29546- -r- 395- = 74-8, where Natural Place of 
first Quotient-figure 7 is the second place of Integeia^ 
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-■- 29546' -^39'5 =748' Quo. Figs, r 
place In left. JVhy ? 

Also, 2954-6 -r 3'95 =748" 295-46 -^ '3 



First. Decide the Natural Place of First Quotient- 
figiite. 

Second, Divide as usual ; but set every Quotient -figure 
as many places to the left or bigmt of its Natural Place, 
as right-hand Significant Figure of Divisor is to the 
BioHT or LEFT of Uuits' placc. 

Observe. If«Divisor he an Integer with one or more 
ciphers adjoining Decimal Point, consider these as no part 
of the Divisor. Their only effect wiU be to remove the 
Quotient- figures so many places to the right. 



EXERCISE IJiV, 

NTEGEROB I)ECIMA.L: 
ABSTRACT HUMSE&a, 



« DITISION OF an; 

a on DECIMAL. 

Find the QwiHenti 
V Of 146fi038 — 43-5 
a. Of 275-843878-;- -863 
a- or 5761-308 -r9-8 
4- Of 849883- -r "0854 
6- Of S'Snia -7-684-3 

8- Of -aaoaiaao -;- 738-4207 

13- Divide e0338'5i bj 97- by -97 and bj 

14- DividB a- by 613- bj SIM- bj B-ia bj 513000- and by -613 

15- Divide7-by40-aB by-040BO bySlS by -000513 and by If" 
10- Divide 19-5 by -358, and 30-875 by -084 
17- By what Naniber mnst I multiply 31-J5 to prodi 



7- Of 30381330-46-;- 043-aU 

8- Of 468441780- -^68-43 
8- Of 8108-15 -;--0B4a 

10- Of 4-03838014 -i-743-OE 

11- Of -ossasifi 

12- Of.688310-e 



I 



A Measure of any Number is an esact Divisor of il 
that is to say, one which leaves no Remainder. 
12'-^6- = 2-, 18-^6- = 3-; noRemBiuderineitherini 
Therefore, 6- is a Measure of 13-,andof 18-. 
ig-^6- = 2f. 20-r6-=3s; Remainders 3- and 2-. I 
Therefore, 6- is not a Measure of 16-, or of 20-. 
Two things are, then, evident. 

First. " Measure " is only another name for " Factor." 
Second. Any Number is a Measure of ita own Multiples 
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A Common Measure of any two or more Numbers is a 
Factor of each of them. 

The Greatest Common Measure of two or more Num- 
bers is the greatest Number which is an exact Divisor 
(or Factor) of each of them. For the words, ** Greatest 
Common Measure," we write g.c.m. 

3* is a Common Measure of 12*, 18*, and 42*. 
But 6- is G.CM of 12-, 18-, and 42-. 

EXERCISE LXVI. 

Find by IrupectioTij 

1- A Common Measure of 16-, 24-, 18-, 32-, and 100-. 

2* Two Common Measures of 72-, 18-, 24-, 108-, and 30\ 

3- Three Common Measures of 96*, 144-, 18-, 48-, 30-, and 36\ 

4' Four Common Measures of 30*, 120*, 450*, and 900'. 

6* The G.C.M. of 28-, 42-, and 66-; and g.c.m. of 30-, 24-, 18% and 12-. 

6- The G.CM. of 36-, 45*, 72-, and 27*; and g.c.m. of 22-, 143-, and 

187-. 

7- The g.c.m. of 24-, 16-, 56-, 112-, and 64-; and g.c.m. of 45-, 78-, 

and 91*. 
8* How many Common Measures have 16*, 24*, 36', and 48' ? 
9* What Numhers less than 100* are measured both by 4* and by 6*? 
10* Name the first ten Nos. of which 6', 4*, and 5* are Common 

Measures. 

GBEATEST COMMON MEASUBE OF ANY TWO 

NTJMBEBS. 

In ordinary Arithmetic we never have occasion to find 
the G.C.M. of more than two Numbers at a time. 

The method of finding the g.c.m. of any two Numbers 
is derived from four simple facts. 

I. Any Number is a Measure of its own Multiples only 
(See page 130-). 

II. The Sum of two Multiples of a Number is also a 
Multiple of that Number, 

For, considering, for example, 8* as a Complex Unit, it is plain 

that, 

•.• 6- + 7- = 12- .♦. 6- (eights) + 7- (eights) = 12- (eights,) 
.-. 5th Multiple of 8- + 7th Multiple of 8- = 12th Multiple of 8-, 

and so on with any two Multiples of any other Number. 

III. The Diffebence of two Multiples of a Number 
is also a Multiple of that Number, 

For, V 7- — 5' = 2- .•. 7* (eights) — 5- (eights) = 2* (eighU). 
.•. 7th Multiple of 8- — 5th Multiple of 8- = 2nd Multe- of 8*, 
and so on with any two Multiples of any other Numbei. 



IV. Ant MniTiri-E of a Mulliple of a Number is also 
a Multiple of that Number. 
For, ■.- 7- X a- = 11- .■■ "!■ (fighli) X 2' = 14- (eights.) 



These four facts, combined, constitute 



lEiB Sum. 
. Any M- 



Tbe process for finding ihe g.c.m. of two Numbers u 
exhibited in tbe following Example worked out. 

Find the g.o.m. of I387' and 2508- 
1387-)2508'tl- 
1387- 

11217) 1387'{1- 
1121- 



4 
I 




To prove that this method is the true one, we 
shew two things. 

First. That 19' must be a Common Measure of 13Vfi 
and 2508-. 

Second. That there is no Common Measure of those 
two Numbers, greater than 19'. 

For the first part of the proof, we trace the work up- 
wards from 19". 

.-. ig' is « Mooante of 57- For 57= :» + IS- Pkik(!ihle 'XXH •. 
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For the second part of the proof, we trace the work 
downwards to 19*. 

Now, if 19- be not the g.c.m. of 1387' and 2508*, some 
Number greater than 19' is their g.c.m. Suppose that a 
greater Number than 19' measures 1387* and 2508'; then, 

'.' A greater No. than 19* measured 1387- and 2508* 

.-. A greater No. than 19- measares 1121' For 1121- = 2508-— 1387- Pr. XXII. b. 
.'. A greater No. than 19- measures 266* For 266- = 1387- — 1121' Pa. XXH. b. 
.*. A greater No. than 19' measures 1064' For 1064- = 266* x 4' Pr. XXII. e. 
.*. A greater No. than 19' measures 67* For 67'= 1121*— 1064* Pa. XXII. ft. 
.'. A greater No. than 19- measures 228- For 228' = 67- x 4' Pr. XXII. c. 
.*. A greater No. tlian 19- measures 38- For 38*= 266-— 228- Pa. XXII. ft. 
,\ A greater No, than \9- measures 19* For 19*= 57-— 38* Pr. XXII. ft. 

But this conclusion is absurd. Consequently, the sup- 
position that led us to it is false. There is, then, no 
greater Common Measure of 1387* and 2508* than 19'. 
Hence, 19' is the Greatest Common Measure of 1387' and 
2508*, and the process is proved to be the true one. 

EXERCISE LXVn. 



Find o.c.ir. 
!• Of 5191- and 597719- 

3- Of 7967' and 1355227- 
8' Of 21781- and 1657219- 

4- Of 42247- and 6991007- 

5- Of 836841- and 15245449- 



6- Of 170587- and 10484567- 

7- Of 16507- and 557617- 

8- Of 18664043- and 310067- 

9- Of 27060823- and 438871- 
10- Of 80892719- and 1683529- 



Nnxnbers prime to each other. Numbers which have 
no Common Measure are prime to each other, although 
neither of them may be a really Prime Number. (See 
page 43') 

Thus, although 8-, 15-, 49-, and 187- are all Composite Numbers, 
they are prime to each other, for they have no Common Measure. 

We shall call Numbers which are prime to each other, 
" Primes^ 

THE LOWEST TEEMS OF A FBACTION. 

We have already seen that the same Fraction may be 
expressed by different Numbers ; for, by Peinciple XIII., 

•J- = I- or i or t or A- or A or iV or i\ or tVW, &c. &c. 

When a Fraction has its lowest possible Numerator and 
Denominator, we say it is in its lowest terms. 

Thus, i\y in its lowest terms, is written \, See above. 

Now, since Dividing any Number by 1* makes no altera- 
tion in it, and since f is equal to 1'; therefore, 

« -T- i = H -=- 1- = If ; but, M -r * = A. See 
third method of Dividing Fraction by Fraction, p. 123' 

• • tnr — W • 1j - 

M 
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Tlie same is also evident from Principle x 

'.■ A = A X s = -si ■ ■■■ f5 -=- a = A = ^f. 

Hence, Dividing Numerator and Denominator by the 
same Number does not alt«r the value of the Fraction. 

Extension of Pkinciplb XIII. Multiplying or 
Dividing the Numerator and Denominator of a Fraction hy 
the same Number makes no alteration in the value of Chat 
Fraction. 



To Reduce a Fraction lo its lowest terms. 
First. Find the q.c.m. of Numerator and Deno; 
Second. Divide Numerator and Denominator by 

Another Method. 



y m6ir 



First. Divide Numerator and Denominator by any 
Common Measure. This ■will give a New Numerator and 
Denominator. 

Second. Divide New Numerator and Denominator by 
any Common Measure. 

Third. Proceed thus until you find a Numerator and 
Denominator vrhich are prime to each other. 

A Fraction is in its lowest terras when Numerator and 
Denominator are prime to each other. 



Example wohked out. Reduce iWaV to its lowest 

By First Method, g.c.m. of 6440- and 11480' = 280- 

Lowest terms of -^.W^ = i^VA -^ li& = ij- 
By Second Method. (The successive Divisors stand 
r the Fractions.) 



(J0-) 



(■■) 



By a- V 

Bj 3-1. 

I By i-y 

By 5-1 

By 0-. 

By e-T 

By e-* 
Bj- 10- » 



'ASr = AVf = iSl = H lowest terms of tVi^. 
The Second Method is most frequently employed. And 
it will be made still more convenient by bearing in 
the following useful facts. 
A Nnmher is diviaible 

when il9 right-hand Digit is bo. 

the Sum of its Digits is so. 
wben the No. aipresaed by its tno right-hand Digits if 
when it ends in 0, or S- 
when it is divisible by 3- and by 3' 
whan the No, expressed by its three right-hand DigitaS 
wben the Sam of its Digits is so. 
B}- 10- when it ends in 0. 
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By 11* when the Sums of its alternate Digits are equal ; or, wlien 

the Difference of those Sums is a Multiple of 11*. 
By 12* when it is divisible by 4* and by 3'. 



EXERCISE LXVm. 
Reduce to their lowcit terms the following Fractions. 



1-ttf, and^ 


6- ^%, and -005 


ll-i'mft 


2-TfiWfe 


7' AV*-* and '5 


12- ^^^, and -126 


3- fm, and -875 


8- im, and -25 


13- THm 


4- i^, and -106275 


9- ^^^, and -625 


u- MV^ 


8- -^A, and -75 


in. 1S032 


18- ima 



Whenever the result of any operation contains a Fraction, 
it should be reduced to its lowest terms, 

LEAST COMMON MULTIPLE. 

The Least Common Multiple of any set of Numbers is 
the least Number which each of them measures, or divides 
without a Remainder. 

The letters l.c.m. stand for the words, "Least Com- 
mon Multiple." The process for ascertaining the l.c.m. 
of any set of Numbers is deduced from the following two 
facts. 

I. The L.C.M. of any set of primes is their Continued 
Product. 

4' and 5* are prime to each other. Their l.c.m. is the lowest 
Multiple of 4* which can be exactly divided by 5*. 



Now, 4' -T- 8' = I 
8--i.5- = lf 
12- -J- 5- = 2f 
16- -f. 5-= 3i 
20-— 5- = 4- 



The 5th Multiple of 4* is, then, the lowest 
which, being divided by 5% gives an Integral 
Quotient. .*. l.c.m. of 4* and 5* = 20* = 4* 
X 5' The same reasoning applies to any two 
Numbers prime to each other. 

.•, L.O.H. of any two primes is their product.* 



* NoTR TO Teacher. This is a deduction from the following General Pro- 
position, for demonstration of which see Hall's Algebra, and De Morgan's 
iElements of Arithmetic, under the head, " Properties of Numbers." 

*' If any two Numbers, a and b be prime to each other, and each term of the 
series 

6, 2-6, 3-6, &c. {a — V) 6, 

be divided by a, each will leave a different Bemainder." Whence follow two 
Corollaries. 

I. Since the Remainders are all different, and (a — 1) in number, they must 
include all the Numbers from T to (a — 1*). 

n. Hence, lowest Multiple of h which leaves no Bemainder when divided 
by a, is oft ; or, l.c.m. of a and hisaxh when a is prime to h; which is the 
oonclosion stated in the text. 

h2 
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Next, fake three Numbers prime to each other, as 4-, 



t. of 4- and B* = SO' = 1- X S", and 30' 



(. of SO' and 7- = 20- X ^■ 



g. of A 



mdl-, 



i- X 5- X 7- 



rft« ■L.cjt. of any (R«B priniei i» Iheir Continued Prodttet, 
Agun, take on; /our Numbera, prime to eimh otber, as 8', i; 5; 

Wld 7". L.c.H. of 4f and fi- = 20-; L.O.M. of 7- and 3- = 31-; and 

80- is prime to 21', 
■■. L.c,H. of i; 5-, 3-, A 7- = l_o.m. of aO> J: 31- = i- X 5- X 3" X 7*. 
Tn the same way it may be sbswn tbat tlie i-cv. of ar^ iff of 

l^umben, prime to each other, is their ContiiiQed Prodact. 

II. TAa L.c.M, of any set of Num&trt wkaUvar it the 
Continued Product of ail their prime Factors. 

Sinne eaeli of tlie six Numbers, il; IS-, 12-, 35', 28-, and 20- is 
& Product of two Factors oat of the set 3', 7-, 6-, A; it is plun tbat 
t.fl.X, of ai", 10',_ia', 36-, and aa- cannot be lias than i-c.b, of 8-, 
7', 6; and 1'. Neitiier can it be greater, for every ComiDon Multiple 
of 8' and S' ia also a Multiple of IS-; ever; Common Multiple of 
8' «nd T- is tlao a Multiple of 31', and bo on. 

Honeo, l.o.m. of Ml-, IB', 13', 35-, 28-, and 20-, is neither greater 
nor 1b«b than Ii.o.k. uf all their prime Factors 3-, 7; b; !■; and the 
I.C.K, of thexe tost is tlieir Continued Frodoct. 

.-. l,o,ir. of ai-, lO', U; 38', 88-, and aO-= 3' X 7- X 5- X 4- = 4S0- 

Tho some reasoning will shew that the lcb. of anj set of 
Numbera whntever ia eijual to tbe Continned Product of all tL^ 
prime Factors. 

Two slops, then, are necessary, in order to discoTer the 
i„c.M. of any set of Numbera. 

I. Ropolve them into their prime Factors. 

II. Multiply theae prime Factors continually together. 
If any one of the Numbera be a Factor of aay olhei of tbew, it 

may be iiegleiifed, foe any Multiple of the Greater will be also a 
Miiltipio of the less which is its Factor. {Pbtnoipie XXII. c.) 

If any of the set be Prime Numbere, they will also be disregarded 
ill the tirat atop, inasmuch as, being Prime Numbera, they have no 
rai'lors but thfmselves and Unity. 

TiBST Example wosked out. Find l.c.m. of 5-, 6-, 
7-, 8-, 15', I8-,21', 32-, 13", and 19-. 

or theae r.en Numhers, the 5' is a Factor of 15', the 6- is a Factor 
of 19', the 7- is a Factor of 31', and the 8- ia a Factor of 32-. 

Thorefore, 0-, B-, 7-, and 8- may be neglected. The two Prime 
Nombera 13- and 19- will also be disregarded in the Brsl step, 

We have, then, in the Qrst place, to ^d tbe prime Faotoraof IS'i 
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Example completed. These I arrange in a hoii- 

Factors neglected, 5' y6'y7',S\ zontal line. I then seek a 

Ti . -KT I A 'J Common Factor of as many 

Prime Numbers set aside ^ p^^^j,^^ ^^ them. 15-, 

during 1st step, 13*, 19\ is-, and 21-, have the Com- 

Finding prime Factors of mon Factor 3-; I divide these 

^^.m^^:^:^r, Tirmt^l^^^ »>y 3', and re-wnte the 32' in 

remaining Numbers. ^^ '^^^ y^^ ^^^ ^^ 

3- )15-, 18% 21% 32% Quotients. I again seek a 

205' 6* 7* 32* Common Factor of as many 

<—^ — ^ — * • as possible of this new set of 

5% 3% 7% lo' Numbers. 6* and 32* having 

the Common Factor 2% I 
divide these by 2% and, in the same line with the Quotients, re-wiite 
the 5* and the 7*. The third line of Numbers being all prime to 
one another, the first step is completed, and it is ascertained that 
the prime Factors of 15-, 18-, 21- and 32- are 3-, 2-, 6% 3*, 7- and 16-.* 
Now, taking in again the two prime Numbers which were set aside. 
(13' and 19*), we have 

i^CM. of 5% 6-, 7% 8-, 15-, 18-, 21% 32-, 13-, and 19* = 3* X 2- X 5* 
X 8- X 7- X 16- X 13- X 19- = 2489760*. 

It is evident that this No. will still be the L.C.H., if, among the 
given set of Numbers, we include any others which are Factors of 
any of them, as 2% 3% 4*, 9*, and 16*. 

To find L.c.M. of any given set of Numbers, 

First. Select from the given set of Numbers all those 
whicli are neither prime Numbers nor evident Factors 
of any of the others: and arrange them in a horizontal 
line. 

Second. Divide as many as possible of these by their 
Greatest Common Factor. Re-write, in the same line 
with Quotients, the Numbers vtrhich cannot be divided by 
that Common Factor. 

Third. Proceed similarly veith this new line of Numbers ; 
and with the next line ; and so on, until you obtain a line 
of Numbers all prime to each other. « 

Fourth. Multiply continually together : 

The last line of Numbers, 

The Divisors, and 

All the prime Numbers omitted at starting. 

This Product is the l.c.m. of the given set of Numbers. 

* Note to Teacher. Observant pupils will object that the 16* is not prime 
to 2'. Strictly, the 16* should, by three saccessive divisions, be resolved into 
2*. 2*. 2', and 2- ; bat as no other Nomber wonld be affected by these divisions, 
widen would be immediately cancelled by Multiplication, useless labour is 
ayoided by stopping at this point. 

h3 
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Contraction. When any Number in the line dbfl._^^ 
not exactly contain the DiTiBor, but does exactly contaia 
a Factor of the Diviaor, Divide that Number by that 
Factor of the Divisor. 

Thi^ would have saved as one lice in the last Example. For, 

taMng as our Diviaoi 6' instead of 3', and noting tliat IS- is dirigible 

bj 3-, and that 18' is also divisible by 

e-llS', 18-, 21", 32-. 3", and 32' bj 2-, we arrive at the same 

—^ — U -- -- = — y^ result aa before, Ibe only differanee 

&■, 3% 7', lb" being that we have now to multiply by 

tbe single Factor S', instead of by the 

tvro Faotors 3' and 1: 12' is u very convenitmt Divisor, because, 

having/our Faetora, it gives usjSvb chanoesof dividing, nanielf,l7' 

a-, by 3-, by 4-, by 6', or by Xl: ^^ 



EXERCISE LXIX. 
Fmd the t.o.a. 
1- or 7-, li', IS', Md aa-; aiso of 3', 9', 8', 18-, and 35- 
a- Of 1-, 2', 3-, 4', 6', fl", 7', 8", and 9' 
3' or a-, 4-, S-, »■, 13-, 83-, and 48- 
4- or 34-, 17-, B8-, 3-, and 4'; also oT 61', 19', 30'. and 6 
C- 0( 12S', lU', 35", IS-, 35', and 19' ; also o( 11-, 14B-, and 
B' Of B-, 10', 7', 73-, 42', 03', 21-, 17B', 72-, and 14- 

7- Of 7-, la-, 40-, 4B5-, IB-, and 11' 

8- Of 16-, 16', 18-, 77", 23', 65', and 199' 
B- or 718-, 813-, and B49-; also of 7164', and 935B* 

10- Of 14.-, ID-, 100', IBO-, 180-, 200-, and 211- 

11- or 8-, 18", and 20-; also of 16', 14-, 9', 13-, and 18- 
13' or 144', 739-, 18', 27-, and 900- 



I 



The Common Denominator of any set of Fractions, 
found by the ordinary method, (explained on page 79-,) is 
the Continued Product of all their Denominators. 

But when these are not prime to each other, time and 
Figures are economized by employing for Common De- 
nominator their l.c.m. An Example will shew this. 

Reduce J, H, -J, and f to a Common Denominator, ■ 
also to their Least Common Denominator. 



i 


-•fff. 


i 


-U 


« 


=-«H 


« 


-M 


* 


-iHi 


i 


-ii 


i 


-■AWr 


t 


-« 
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To Reduce Fractions to their Least Common Denominator. 

First. Find the l.c.m. of all the Denominators. This 
is the li.c.D. 

Second. Divide this l.c.d. by each Denominator, and 
Multiply its Numerator by Quotient. This gives the New 
Numerators. 

Third. Write the i..c.d. under these. 

Example wokked out. Reduce to their l.c.d. i, f , 
i» h A and li. l.c.d. := l.c.m. of 9*, 6*, 4*, 3-, 12*, 
18-, =. 36-. 

9-= 4-; i =H 



36- 
36- 
36- 
36- 
36- 
36- -1- 18- = 2; ii = 

EXEBCISE LXX. 
Reduce to their Least Common Denominators, 



This is, in fact, Multiplying 

6* = 6*; I" = 1^ Numerator and Denominator 

4' = 9* • J- = -j^ of ©fl-ch Fraction by the same 

' * ® Number J namely, by that Fac- 

3' = 12*; |- = 1^1- tor of L.C.D. which corresponds 

12* = 3" ■i\ = -J'J- "^^ Denominator of that 

Fraction. 



1* ¥» TSi TS> 2^ 
2* T*, tii TTi ^ 

4=- i, i, i, i, i, f , i, A 
5- *, f , *, *, h h if 



6- * of i, * of A, * of A 

7* tWj T4¥> 3T7> TS 

8' TTj TJ> A» Aj ffj tt 

10- i, f , «, f , f , A, A 



deduction of vulgar fractions to equivalent 

decimals. 

A Decimal Fraction has for its Denominator some 
Power of 10*. Certain Vulgar Fractions are equal to 
Decimal Fractions. 

TMu8,J = A, i = A^, f=>Afe, i = AW,&c. 
Now, seeing that the Denominator of the Decimal must 
be a Multiple of the Denominator of the Vulgar Fraction, 
it is evident that, if a Vulgar Fraction be equal to a Deci- 
mal, its Denominator will measure some Power of 10*. 

And, since the only prime Factors of any Power of 10* 
are iivos enxdJiveSf 

For, 10-=2x5- 

100- = 2-x 2-X5-X 5- 
1000' = 2- X 2- X 2- X 5- X 5- X 5- 
10000- = 2 X 2-X 2-X 2-X 5-X 5-X 5X 5-, 
and 80 on, it is plain that a Vulgar Fraction is not eo^ibi 
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to a Decimal, unless that Vulgar Fraction, when In its ' 
lowest teriDB, has a Denominator composed of the prime 
Factors 2- and 5-, or of iheit Powers. 

Heoee, buj Vnlgtr Fraction is eqasl to a Dedmal. if its Detiomi. 
Dulorbe an j of tlie following ; namely, S', 4-, 5\ «■, 18-, 30-, 25-, 32-, 
40-, 50-, U; *c. J.C 

And no Yulgar FrMliOB is eqnal lo a Dmimal, if; when in itt 
loviuf UTTnt, it3 Denominator be an; of the follawing; uamelj, 3-, 
fr, 7-, 0; 11-, IS', 13-, 14-, 15-, i:-, 18", 10-, dtc. *o. 

Nevertheless, eacb of the following is eqnal to a Decimal : f , ^, 
A. -fst ft. a. Ai A. ft. ft. beoanse, whan redacBd to their lowest 
tarms, these Fractions become i, i, i, }, f . i, i, i, }, J. 

It is most useful to be able to decide, at a glance, 
whether a Vulgar Fraction has, or has not, any cquiva' 
Decimal. 

E^RCISE LXXL 



glance, 
uivalo^— 



TTi Tf> Tti if 

ft, ft, H. » 
*, A, «, * 

ft, a, «, « 
A, A, M, n 

iti A. BTi SS 



Since i 



8", Pbin. XT., and 3- -:- 8- 

: -375. 



tW» int T^Vi Tn 

H, H, «, 1* 

■ffTra. rn. itiit T« 
TBT. BdilT ftaiflt ThCOIF 

Ttii Tmri iHi raw 
= ■375 



And we say, that the Vulgar Fraction f is here Reduced 
to its equivalent Decimal, ivhich process consists merely 
in expressing the Quotient of Numerator and Denomi- 
nator as a Decimal instead of as a Vulgar Fraction. (See 

last twenty-seven Examples of Exercise itiii., page 1 1 1') 
To Reduce a Vulgar Fraction to its Equivalent Decimal. 
Divide Numerator by Denominator, and carry out Quo- 

tient-figures in Decimal Places. 

EXEBCISE LSSH. 
Redvce to Equivalent Decimals, 

2- ftV, tMti. a, iMf 7- 143- 

4-TVofft,&e'<TVr 



48', & 4^ ^52^ 
1300-,&(lif-;-26iWr 
-h A-,&27A^77A 
^ 3h&3f-^lAV 
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INTERHINATE OB ENDLESS DECIMALS. 

In attempting to Reduce to an Equivalent Decimal a 
Vulgar Fraction which has no such equivalent, we obtain 
an laterminate Decimal; that is, one in which the Division 
can never be completed, for one or more of the Quotient- 
figures constantly recur. 

In a Eepeating Decimal a single Digit is constantly 
repeated. 

Thus, i = '1111 &c., a Bepeating Decimal. 

In a Circulating Decimal a set of two or more Digits 
is constantly repeated. 

Thus, i^ = -142857 142857 <feo., a Circulating Decimal. 

The repeating figure or figures constitute a Period, 
Bepetend, or Circle. 

A Repetend is distinguished by a dot over its first, and 
another over its last figure. 

.-. J = -i, and I = -142857 
A Pnre Bepetend commences at the Decimal Point. 

A Mixed Decimal is partly terminate and partly inter- 

minate. 

Thus, -^Vjfe = -125142857, a Mixed Decimal, for the last six 
Digits, only, repeat 

BEDUCTION OF INTERMINATE DECIMALS TO THEIR 
EQUIVALENT VULGAR FRACTIONS. 

I. Denominator of a Pure Repetend. 

Since i = -111 &c.,= -i ^^ follows that any pure 

A ooo Jir o Repetend of a Single Digit 

„ f == -222 &c.,= -2 jj^g £Qy ijg Denominator the 

„ f == -333 &c.,= -3 Digit 9. 
And, since 



= i -i-11- = -111 &c. -^ 11- = -0101 &c. = -01 
-A- = i -T- 11- = '555 &c. -r- H* = '0505 &c. = -05 
And, since 

1^ = -303030 &c. = -30 

^ = -040404 &c. = -64 

.-. U = -343434 &c. = -34 
A Repetend of two Figures has for its DenomitiatAx ^^« 
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And, similarly, any Pure Repetend is the Numerator of 
a. Vulgar Fraction whose Denominator is as many nines 
as there are Places of Figures in the Repetend. 

•684 = fH, ■bUSi = -^Ws, -6054 = ,14? 

II. Demomikatok of a Mixed Decimal. 
Again, ^ = J-MO = 111 Stc.^lO'=011 Sec. = o'l 
Also, rhf = ■OOi ; iroW=-000i; ira*77 = -00001 
Hence, -01 = A I ■00046=^,Vtfo I -00006 = TirSini 

■002=5*11 1 -00504 = ^^53^] -0008643 =-r5WhVir 
If there he one or more Significant Figrtrea between 
the Decimal Point and the Repetend, the Denominator 
will be the same na if theae were ciphers, as in aboT^^ 
example H. ^^^M 

For -81 = A + aSt = is + A = ^* ^H 
■462 = A + A% = 3^& + AV=M* ^1 
Therefore, a Repetend separated from the Decimal Point 
by any number of Figures must have the same number of 
eiphera annexed to the nines in its Denominator. 

III. Nttmeeaiob or a Mixed Decimal. 

A Mixed Decimal is equal to two Fractions. First, 
a Terminate Decimal, which has a Power of 10' for its 
Denominator; and, "second, an Interminate Decimal which 
has its Denominator expresBed by nines, or by nines and 

The sum of these two is the Vulgar Fraction equivalent 
to the whole Mixed Decimal. 

Their Common Denominator may always be the De- 
nominator of the Repetend Decimal. 

And to Reduce the first Fraction (the Terminate Deci- 
mal) to this Common Denominator, its Numerator and 
Denominator must merely be multiplied by the nines in 
Denomiualot of second Fraction (the Interminate Deci- 
mal). 
.■. If Repetend be a Single Digit, the Multiplier will he 9- 

If Repetend contain two Digits, the Multiplier will be99- 
and ao on. 
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Now, Sobtraoting tny Number from its 10th Multiple gives its 0th Multiple, 
And, Sobtraotixig any Number from its 100th Multiple gives its 99th Multiple. 
&o. 6co. &o. 

.-. 9- times 645- = 6450- — 645- = 5805- 
99- times 645- = 64500- — 645- = 63855- 
999- times 645- = 645000- — 645- = 644355- 
Scc. Sec. &c. 

7- 4- 9- times 43* = 7- + 430* — 43- = 437- — 43- = 394- 
69- + 99- times 25- = 69- + 2500- — 25- = 2569' — 25* = 2544- 
&c. &c, (fee. 



Agaiiij 



•743 = IL + _L = 8+ (7^X9) — 8 + 740-74 _ 743—74 
100 900 900 900 900 ' 

J562 = ^ 4- ^ = ft8 + (8gX99) __ 68 4- MOO— 88 _ 8569—85 
100 9900 9900 9900 9900 * 

Which Examples shew, that the Numerator of the 
Vulgar Fraction, equivalent to a Mixed Decimal, is found 
by subtracting the Terminate part from the whole Mixed 
Decimal. 

To Reduce any Interminate Decimal to its Equivalent 
Vulgar Fraction, 

First. Take for Numerator, all the Figures from Deci- 
mal Point to the end of the First Period, Subtracting 
the Number expressed bj the non-repeaters, if any. 

Second. Write for Denominator as many nines as there 
are Repeating Figures, followed by as many ciphers as 
there are non-repeaters. 

Third. Reduce Vulgar Fraction to its lowest terms. 

EXERCISE LXXIII. 
Reduce to Equivalent Vulgar Fractions, 



!• -3, -45, -613, -4578 ; 
2- -Oei, *60513, -00014 ; 
8- -018, -06, -0640 ; 

4- -00043, -0007649, -005 ; 

5- -7432, -8412, -06169 ; 



6- -84316, -085403 ; 

7- -26428671, •76968258 ; 

8- -0001684, -09005 ; 

9- -17,-17, -017, -Oi 7; 

10- -017, -0017, 00*17, -0017. 



ADDITION, MULTIPLICATION, SUBTRACTION, AND 
DIVISION OF INTERMINATE DECIMALS. 

First. Reduce the Interminate Decimals to their equi- 
valent Vulgar Fractions. 

Second. Add, Subtract, Multiply, or Divide, as may 
be required, and Reduce the Result to its Equivalent 
Decimal. 



FiKsT Example 
■016, and -3435 
■5+-0i6 + -3425-4 



OUT. Find the a 



tiw+aaii iKBi 



^=■9142 
Wtat is the differ- 



Second Example ■ 
ence of -0634 and -43? 

■43- '0034 = |g-j^-5i4^g^^ = ^^= -3698 

Thikd Example workbd opt. Multiply "36 by '25 

■36x ■25 = ff'< If = A-" 18 = *= -093 
roTTKTH Example woKitED out. Divide -6 by 
■6^2-3 = |-^3| = 3^^(=f><?aDd) = if= -28573 



EXERCISE LXXIV. 
!■ Add togelher ■3813, -43, -8316, and -003 
2' Find tlie sum of 15-875, 7'3ie, IB'Cioi and -(1885 
3' from '427 take -034; and tram 3i'384 take 8-07a 
i- What must bo aubtracMd from 24'3S4 U leave lS'Si2^ 

5- By hoir mach does 84'7eeT fall short of 470-32! 

6- What must ba added to -0383 to make up 3-8004? 

7- Multiply 7'7a by -2117 ; and 3-973 by 8- 

8- Multiply a574'a by 87-S ; and 431'42i by -003 

9- Fiod the 4tb Fewer of -34, and the Cabe of -lb 

10- Divide 5-7648 by -B8, and 334-0 by -7 

11- Divide 1327-8719 by 7-084 

12- Divide 41-&717 by 34-13 

The above method is laborious, but there ia no 
simple and accurate, especially for Multiplication and 
Division. 

Interminate Decimals should he, as much as possible, 
avoided, as may be done by attending to the remarks on 
page 140-. 

They will, nevertheless, sometimes occur in the course 
of ordinary Arithmetical operations, and then, if strict 
accuracy be not demanded, it will suffice to increase (be 
first Figure of the Repetend by 1, and to consider the 
Decimal as finite, and ending with the Digit so increased. 

So that 3'42958 would be called 3'4296, and bo oi 



1 
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RATIO AND PROPORTION. 

The Batio of one Number to another is the Fraction 
which the first is of the second. 

6- is J of 9-; .-. Ratio of 6* to 9* = ». 

9* is IJ^ times 6*; .*. Ratio of 9* to 6* = '}, 

The Inverse Batio of any two Numbers, is the Ratio 
of their Reciprocals. 

Thus, llatio of J- to i := Inverse Ratio of 8' to 4* 

To express the Ratio of tivo Numbers, 

First. Divide the first Number by the second, express- 
ing the Quotient Fractionally. (Principle xv.) The 
Fraction thus found is the Ratio. 

Second. Reduce the Ratio to its lowest terms. 



Examples worked out. What are the Ratios 



1- Of 14- to 6? 


4- Of *to 9? 


7- Of 3-75 to 7-5? 


2- Of 6- to 14? 


5- Of 111 to 3J? 


8- Of 7-0 to 3-75? 


3- Of 9- to ^ ? 


6- Of 3^- to Hi? 




1- Ratio of 14- to 6- — \^ — ^ 


2- Ratio of 6- to 14* — iV -= ^ 


3- Ratio of 9- to * — ?- - 


A 4 


4- Ratio of ^ to 9- — i^ - 


I 4 5 


5- Ratio of Hi to 3^ -- ^^- - 


!- 1 - f J - n 


6- Ratio of 3MolU — i - 


1» l-iL il« JL.4. 

4 U 4 


7- Ratio of 3-75 to 7-5 375- 


r7-5 — -5— h 


8- Ratio of 1\ 


5 to 3-75— 7-5 - 


r 3-75 — 2- 



EXERCISE LXXV. 



Find the Hatio 

I- Of 25- to 15- and of 15* to 25- 

2-Of42-to 39-andof 39-to 42- 

3- Of 64- to 40- and of 40- to 64- 
4- Of 24- to 60- to 108- and to 102* 

5- Of 12- to 22- to 28- and to 64- 

«• Of 78- to 112- and of 112- to 42- 

7- Of 35-to 3i andof 2^ to 30- 



8- Of 7^0 CO- and of 4^ to5l- 

9- Of I to 14- andof 14* to i 

10- Of 4i to 22- and of 6- to li 

11 • Of 1^- to 6- and of 2^ to !()• 

12- Of 1^ to 30- and of 3f to 15- 

13- Of 25- to 45- and of 72- to 32- 

14- Of -8125 to 3-125 



The two Numbers of which the Ratio is sought or ex- 
pressed are called the " Terms of the Ratio." The first 
Term is the Antecedent, and the second is the Consequent 

It is evident that in Concrete Numbers the Antecedent 
and the Consequent must express the same kind of unit 
(Principle v., page 35*) Any one Sum of Money is 
either a Part or Multiple of any other Sum of Mone^. 

N 



14ll PROPOBTION. 

There exists, then, a Ratio between any two Sums of 
Money. 

Ratio of 6- shillings to 9" ihillinga = J. For 6'j. = S of 
9-j. But there iB no Ratio between 6' skilUnys and 9- 
men, for 6- shillings are neither Fraction nor Multiple of 

Similarly, it is ridiculous to speak of the Ratio of 14- 
psnee to 2'K. of butter; or of 24- hours to 48- bushels. 

Thase aipreaBiona are absurd, becnuss they really imply that men 
mtiy become shilliiigs, and thai pence can Uterally be turned into 
hvtteT, and busheU into ho\ir». (See FBiNcrpLE t. p. 35') 

CoROLLiKT TO Pkinciple V. TXere is no Ratio bettOMH 

unlike Concrete Quantities. 

This is a tnith of the utmost iraportanae. 

PBOFOBTION. 

Proportion is the equality of Ratios. If one pa 
Numbers have the same Ratio as another pair have 
four foira a Proportion, and are called Froportloiials. 

And we say, " The First Term U to the Second 
Third is to the Fourth." 

Thus, 14= I of 21-; and 8- = | of 12' 
.-. Ratio of 14- to 21' = Ratio of B- to 12- 
The four Numbers, 14-, 21-, 8', and 12- are, thei 
Proportionals. 

i-nd 14- U to 31' atBUtoiZ- AIko S-iilo IS' as 14' it to 31- 
We may also say. 
As U-Uto2l-aoiiS-tol-l- Ot, at 6- is to n- so is ii to ai- 
Arithmetical Symbols. The signs of Proportion are 
: and ::, the former stands for •' is to" or " to," and the 
latter for '^<k" or "so is." Hence, the above Proportions 
are expreaaed arithmetically thus : 

14- : 21- :: 8- ; 12' I As 14- : 21- ;: 8- : 12- 

8- : 12- :: 14' : 21' j As 8- : 12- :: 14- : 21- 

When four Numberg are Proportionals, the first and 

fourth terms are caUed the Extremes, and the second and 

third are called the Ueans. 



I 

the 
the 



In each of the following Proportions one of the four 
terms is wanting. Until it be Found, we put a note of 
interrogation in its place. 
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FiBST Example worked out. Fiest Extreme 
UNKNOWN. What Number bears the same Ratio to 24* 
as 5* bears to 6* ? 

? : 24- :: 5- : 6* Now 5* = i of 6- 
.-. Unknown Term = ^ of 24- = 24* x ^ = 20- (Prin. ix.) 

Second Example worked out. First Mean un- 
known. To what Number has 12* the same Ratio as 3* 
lias to ?•? 

12- : ? :: 3- : 7- Now Ratio of 3* to 7- = f 

.-. 12- = f o/" Unkn. Term, .-. 4- = f q/* Unkn. Term. 

.-. CTn^nou^n 2Vw=! 4- X 7- = 28= 12- X 7- -r 3- 

Third Example worked out. Second Mean 
UNKNOWN. 7* has to 5* the same Ratio as a Certain 
Number has to 10* What is that Number ? 

7* : 5- :: ? : 10- Now, 7' = i of 5* 

.-. Unkn. Term = i of 10- = 10- x i = 14* (Prin. ix.) 

Fourth Example worked out. Last Extreme 
UNKNOWN. 12* has the same Ratio to 54* as 42* has to 
a Certain Number. What is that Number ? 

12* : 54* :: 42* : ? Now, 12* = f of 54* 

.-. 42* = f (?/• Unkn. Term, .*. 21' = i of Unkn. Term. 

.*. Unknown Term = 189* = 42* X 54* -r- 12* 

The Unknown Term in each of the above instances has 
been ascertained by Inspection, that is to saj, without the 
aid of any fixed Rule, such as we will now establish. 

Take any four Proportionals, as 6*, 9*, 14*, and 21* 

.*. 6- : 9* :: 14* : 21* 

Now, by merely expressing each of the two Antece- 
dents " in terms of " its Consequent, we have 

iof 9* : 9* :: i of 21* : 21* 

Hence, The Product of the Extremes = Jof9*x21*-= 
f X 9* X 21* (Principle ix.) 

And, The Product of the Means = 9* X f of 21* = 
9* X f X 21* (Principle ix.) 

But, by Principle VIL, f x 9* X 21- = 9* X f X 21* 

.*. The Product of the Means = The Product of the 
Extremes. 

n2 
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If we express each Consequent "in terms of" its Ante- 
cedent, the result must be the same. For, we then have 

6- : f of 6- :: 14* : f of 14* 

Where Product of Extremes = 6- x 1 X 14*; Product 
of Means = f X 6* x 14- 

And, 6- X f X 14- = f X 6- X 14- By Prin. vii., 
as before. 

Precisely the same reasoning applies to Proportional 
Fractions. For example, 

i : i : : A- : U^ Now i = i of S, and ^r = f of U; 
therefore the four Proportionals may be written thus, 

5 nf A • A . . i?- f\f -3 S. • -3 '^- 

6 '^* 8 • 8 • • 6 *-'^ 2 2 • 2 2* 

Where Product of FiXlremes = f X f X If . And Pro- 
duct of Means = f X f X M- 

And I X I X f §- = S X f X H' By Principle vii. 

Principle XXIII. When fmir Ntirribeis are Propor- 
tionals, the Product of the Extremes is equal to the Product 
of the Means. 

This is the fundamental Principle of the celebrated 
"Rule of Three," in which three of the four Proportionals 
are given to find the Fourth. 

Suppose we have the two Means and one Extreme 
given, to find the other Extreme. 

Product of means = Product of Extremes. 

Now, the known Extreme is one Factor of this Product, 
and the unknown Extreme is the Corresponding Factor of 
it. 

But, by Principle XX., The Product divided by one 
Factor yields the Corresponding Factor. 

Either Extreme = Product of Means -7- The other Extreme, 
Also Either Mean = Product of Extremes -f- Tlie other Mean, 

Sothatlst Term = 2n(lX3rdH-ith 3r(l Term = 1st X-ith-f-2Dd 
2nd Term = 1st X^th—Ord 4tli Term = 2nd X 3rd -f- 1st 

We can verify these conclusions by testing each Term 
of the following Proportion. 16* : 44* :: 12* : 33-. 
Here, 



16- = 44- X 12- -f- 33- 
44- = 16- X 33- -r 12* 



12-= 16- X 33- -T- 44- 
33= 44- X 12- -^ 16- 



We always manage in the " Rule of Three " that the 
unknown Term shall be the fourth. 



CAKCELLINO. 
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To find, a Fourth Proportional to three Given Number's, 

Multiply Second and Third together and Divide by the 

First. 

If the Numbers represent Concrete Quantities, take care that 
the First and Second be of the same kind. The Third must be of 
the same kind as the Fourth. 

The Fourth is at once expressed fractionally by writing 
Second and Third as Factors of Numerator, and First as 
Denominator; Thus: 

9. . ii- .. 31. . 11x31 


It is sometimes convenient to leave the Fourth Term in this 
form. 

FiBST Example worked out. Find a Fourth Pro- 
portional to 16'«, fib., and 5^1b. 

Here, 16'«. must be Third. Either of the others may be 
First. 

16-«.x5iH- i; (or 117i«.) 
16-«.X i-7-5i; (or 2^5.) 

117iXi = 88-=16- X 5i 

The Product of Means = Product of Extremes. 

Or thus : f = A" of 5i, and 16- = ^ of 117J. 

Eatio of First to Second = Ratio of Third to Fourth. 

The Four Number's are Proportionals. 

Observe. As soon as we proceed to employ the Second Term, 5^, 
as a MultipHer, it ceases to represent pounds ; for it is impossible 
to Multiply anything by pounds. The Product of 16*«. X H is 88' 
shiUings ; hence the First Term, f , also ceases to represent part of 
a pound weight, so soon as we employ it to divide 88* shillings. 
For, although SS'lb. can be divided by f lb., 88* shillings cannot 



For ilb. : 5+ lb. :: 16«. 
And5ilb. : fib. :: 16-«. 

Proof of First Operation. 



EXERCISE LXXVI. 
Commute the following Proportions : 



1- 


As 9- : 42- :: ^£8- : ? 


5* As 28* : 21* : 


: 1* 


. 

• • 


2- 


As 13* : 64- :: 14* «. ; ? 


6* As 33* : 57* : 


: 6- 


: ? 


3- 


As 8'oz : ll'oz :: 3* yds. : ? 


7* As 54- : 21* : 


: 36- 


• 9 

• 


4- 


As 16*8. : 15*8. :: 48* tons : ? 
DEDUCTION OP RATIO. 


8- As 112- : 36- : 
, CANCELLING. 


: 44* 


: ? 



When we Multiply by any Number, and then Divide 
the Product, the result of this double operation does not 
depend on the magnitude of Multiplier and Divisor, but 
on their Ratio to each other. 

n3 
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If Divisor be equal to Multiplier, Result will be equal 
to Multiplicand; and the Division will cancel the Multi- 
plication. 34-5 X 19-75 -^ 19-75 = 345 

If Multiplier be double of Divisor, Result will be double 
of Multiplicand. 

34-5 X 19-75 X 2- -r 19-75 = 345 X 2- = 69- 

Where the Common Factor (namely 19*75) is Cancelled 
in Multiplier and Divisor. 

In the same way any Common Factor may be Cancelled 
in Multiplier and Divisor; and, consequently, by Prin- 
ciple VI., in Multiplicand and Divisor: but never, of 
course, in Multiplier and Multiplicand. 

Hence, having arranged the three given terms of a 
Proportion so that the Unknown Term shall be fourth, 
we may shorten the work by cancelling any Common 
Factor in First and Second Terms, or in First and Third, 
but never in Second and Third. 

As H-:m-\ ...;.._ .TXiorSf 
or as 0* : u* J s ^ 

Here, the First and Second Terms have the Common 
Factor 19- Cancelling this Common Factor, the Fourth 
Proportional is found by Multiplying 7* by 6- and Dividing 
by 5-, instead of Multiplying by 114* and Dividing by 95* 

Cancelling, as employed in working out Proportionals, 
may be accounted for in another way. 

The Fourth Term being the same Fraction (Proper or 
Improper) of the Third as the Second is of the First, and 
that Fraction being the Ratio of the Second to the First, 
it is plain that 

F(mHh Term = Third x Ratio of Second to First 

rwii ' 7 Second ^ ? Third 
= Third X - _. — = oecond x — _ — 

First rirst 

And Cancelling in First and Second or First and Third 
is merely Reducing the Multiplying Fraction to its lowest 
terms by the application of Principle xiii. (See p. 134*) 

Cancelling is of great utility when we have to Divide 
the Continued Product of one set of Numbers by that of 
another set. 

Example worked out. How many times is the con- 
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tinued Product of 35*, 51', 85% 112*, and 42*, contained 
in that of 11-, 27*, 374-, 98-, and 56-? 



Result 

expressed 

Fradmudly 



The Numbers of the upper line are all to be considered 
as Multipliers, and those of the lower line as Divisors. 
Peinciple XV. 

Then, selecting one of each, having a Common Praetor, 
we cancel 



11- 


3- 


11- 




<00- 


11-x 

5' 


:3xll- 

x So- 


sea 


5- 


0- 


X 85-x 






425 



51* the Common 

3* the Common 

42* the Common 

21* tfce Common 

85' the Common 

12- the Common 

2' the Common 

3* the Common 

set down 1, as 



Factor 17 
Factor 3 
Factor 2 
Factor 7 
Factor 7 
Factor 56 
Factor 2 
Factor 3 

it is useless 



setting down 22- and 3* 
setting down 9* 

setting down 11* and 21* 
setting down 14- and 3* 
setting down 2* and 5* 
setting down 2* 



setting down 3* 

either for Muhiplication 



In 374- and 

In 27* and 

In 22- and 

In 98- and 

In 14* and 

In 56' and 1 

In 2* and 

In 9' and 

We do not 
or Division. 

The Multipliers being all Cancelled except 11*, 3% 
11% the Continued Product of these is the Numerator of 
Fractional Result; while that of 5* and 85- (the only 
uncancelled Divisors,) becomes Denominator. 

TRANSPOSITION OF MULTIPLICATION AND DIVISION. 

It has been shewn, in Principle xviii., page 107", 
that Multiplying the Dividend (before Dividing) has the 
same effect as Multiplying the Quotient; and that pre- 
viously Dividing the Dividend also Divides the Quotient 
of the subsequent Division. 

In other words : Division followed by Multiplication 
produces the same result as Multiplication followed by 
Division, supposing, of course, the Divisor and Multiplier 
to remain unchanged. 

Hence, ^ of 40* = 40-4- 5- X4-; or, = 40- x4--r5- = 32- 
Also, fof 1-= Jof 5-=l--f-8- X 5-; or, 1* X 5--f-8- 

TO find any fraction of a number. 
Either, Divide by Denominator and Multiply Quotient 
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by Numerator; or. Multiply by Numerator and Di«| 
Product by Denominator. 

The latter mel.Viod is the more conTeuient, as it avoids Muldpli- 
CBtioD a! FraetiDiis. For example, 

By 1st Method,?of 32-=32--r7' X 4-= 4fx4' = 18*- 
By 2ndMethod,}-of 32- = 32-)<4-H-7- — 128'-r-7-=18? 



To Multiply by a Mixed Number, it is not always most 
convenient to reduce the Multiplier to an Improper Frac- 
tion, as directed on page 77' Instead of doing ho, we 
may Multiply first by the Fraction, and then by the 
Integer, and add the results together. 

Example wokked out. Multiply 6148329' by 4f 
6148329' 



8- )43038303- 

53797875 = i of 
24693316- = 4- times 6148329' 
29973103i = 45 of 6148329- = 6148329- x 4^^ 
Fbiitcifle 

Working by the other method we should have a Multi- 
ilier 39- instead of 7- and i; and a Dividend 239784831- 



I 



>NH 



EXERCISE LXXVIL 
Find the Product 

!■ Of 6140364- XtV ! 6- Of MBSTli-a X BJ 

a- Of 7ooo(W5t X f 8- ot 73aiia-ii x siaA 

3- Of 5B13ai5Ut XH 7- Of 9I4B3-005 X JiBTf 

4- Of iiofiiaasA- X 1^ I e- of 64i288'7aa x eisoH 



DITISION OF INTEQEH, DECIMAI, OR MIXED NUMBEB BT 

To Divide by a Fraction or Mixed Number, we adopt 
the first method explained on page 123-; namely. Reduc- 
ing Divisor and Dividend to a Common Denominator, and 
then Dividing New Numerator of Dividend by New 



Numerator of Divisor. 



COMPLEX FRACTIONS. 
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First Example worked out. Divide 431682- by 4f . 
431682- - 4^ = ^o^iXLA 4- Y = 3021774- ^30-= 1007 25f 

And the work would appear thus : 

4f )431682- 
7 7- 



Here we Multiply Dividend and Divisor by 
Denominator of the Dividend- Fraction. 
The New Divisor and Dividend are so many 
1007251- sevenths. 



30-)3021774- 



Second Example worked out. Divide 3 1684 J by 



llf. 

llf )31684i( 

7- 8- 

83- 253477- 

8- 7- 



PRIN. XIX. Cor. i. 



664- )1774339-(2672Ui 
Here, New Divisor and Dividend are so many fifty -sixths. 



In Examples like the pre- 
sent, Multiply Divisor and 
Dividend, respectively, first 
by Denominator of its own 
Fraction, and Product by 
Denominator of the other 
Fraction. 



EXERCISE LXXVIII. 



1- Divide 2874126- by 7f 

2- Divide 34015-404 by 23f 

3- Divide 67803284- by 29i 

4- Divide 85794361- by llf 

5- Divide 87548679- by 42f 



6- Divide 7238674R- by 55^- 

7- Divide 87054?S69- by 24i| 

8- Divide 87-2HJ)fl54- hy 38if 

9- Divide 89753s- by 305i 
10- Divide 829042* by 23f 



EXERCISE LXXIX. 



1- Divide 71843-2i^ by 14f 

2- Divide 916008| by 23| 

3- Divide 84216841 by 47| 

4- Divide 732 186 A* by 104? 

5- Divide 318402f by 29iV 



6- Divide 8401 235-A- by df)^\ 

7- Divide 9342180;^- by 632i^- 

8- Divide 3410215iV by 193/^- 

9- Divide 7001001 ^> by 394 o^^ 
10- Divide 9432184^ by 340ii 



COMPLEX FRACTIONS. 

A Complex Fraction is one whose Numerator or De- 
nominator is a Simple or Compound Fraction, or a Mixed 
Number. 

Thns il^ i- -^ f 5 A Of -A- X i are Complex Frac- 
' 5 • 7f' 43i ' I of A' Oi-hf of 7- tions. 

Complex Fractions are produced by expressing frac- 
tionally the Quotient of a Division in which Divisor or 

Dividend is not an Integer. 64J^ -r f = ^ 

8 
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COHPLEX FB&CTIOKS. 



And Comples Fractions are easily simplified by the 
application of Pkisc:ple xv- {page 99') which shews 
that the Numerator of aaj Fraction is a Dividend, of 
which the Denominator is the Divisor. 

To Simplify a Complex Fraction. 

Take Numerator for Dividend, and Denomioator for 
Divisor, and Divide. 

Examples worked out. Find the Simple Fractiona, 
Integers, or Mixed Numbers respectively equal to the 
following Complex Fractions : 

loeUing Common Factors matariaUj abbreviates the work of 



EXERCISE LXXX. 
BediiCB the follnaiitg CowpUx Fractiom to (Juir iqaivaieM 
i'racliona, or Integer), or Mixed A'utnbers. 

I- "S 4. Jii 5. aj+iy 

aS ■ "■ 

' W 



i. -t fe of af 



1 



^41 

3?_oE2tt 

10- Find the vulue of iL'TZ^i? of 11+5^1 of ^f +^f. 

In order to shew the propriety of calling such quantities 
as the foregoing by the name of "Fraction," we will now 
explain how these Complei Fractions may be produced 
(as Simple and Compound Fractions are) by the cutting 
up of a Unit. 
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Draw a Uait-square, and Divide it bf seven vertical I 
lines into eight equal part«, exactly as is done in Diagram I 
2- on page 14' 

Now, commencing at the left, rub out tbe 1st, Snd, 4tb, 
and 5th of the seven vertical lines. 

Then, supposing your Unit-aquare to be of the same 
size as Diagram 2', it is divided into 2^ parts of the size 
of Au. .-. Am^-^ (of the Unit,) a Complex Fraction; 

where Denominator, as usual, expresGes tbe number of parts 
into which the Unit is cut; and the Numerator shews 
how many of those parts are contained in the piec 
spoken of, that is to Bay, in A«. 

And, restoring the 



A( = -i; 
2»' 






" 2if' 



AC = fl = 



And, lastly, completing Diagram 2' by drawing two | 
Jiorizontal lines to divide the Unit-square into three equal 
have 

2i 2J 



b^< 



Ab = 



; A; = 



be. 



kc. 



&c. 



EXTENSION OP NOTATION AN 
TABLES. 

The Notation and Numeration Tables already given 
shew how to write or read any Number requiring not more 
than twelve places on either side of Decimal Point. 
~ go fur jier than this, it must be remembered that 
A Million Milliani = One Billion, 
A Million Billions ^= One Trillion. 

A Million Trillions = One Quadrillion, 
A Million Quadrillions = One Quintillion. 
PAnd so CD, each period of six places tram Decimal Point to tbe 
^having a new name; SexliUionit Romiag next to QaJntdUions, 
d then Septillwiis, Oetilliani, and NonilliaTta. 
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And the Third Notation and Numeration Tables for 
Integers, may be constructed from inspection of the 
following Example. 

Billions. Millions. Units. 



•^ "^ *^ 

5* o* 5* 

'eorwQo 'Sti* L*?*^** 

S.SSiSec'^ ^.S2oo«d e^'^ca^C^v 

tejEsEstfJEnb HiJEx^lij^t:) KJ^^Ii^^czi P 

468,734; 568,047; 523,604 

The extended Tables for Notation and Numeration of 
Decimals are easily derived from the same Example, by 
remembering that " The number of ciphers in the Denomi- 
nator of a Decimal Fraction indicates the number of 
Decimal places for its Numerator." (See p. 18*) Hence, 

•.* One Billion requires twelve ciphers between Digit i and Dl. Pt 
.'. Billionth parts require twelve places of Decimals. 

The above is the English system ; the following shews 

THE FRENCH METHOD. 

Trillions. Billions. Millions. Thousands. Units. 
ii.T.S. H.T.S. H.T.S. H.T.S. H.T.S. 

214; 584; 864; 467; 3 14 • 

And so on, each period containing only three places, instead of 
six as with us. 

THE VINCULUM, BEACKET, AND BAR. 

Aritlimetical Symbols. The character which, in ordinary 
writing or printing, is termed an ellipsis or parenthesis ( ), 
is called in Arithmetic a Vincalnin, which is the Latin 
word for " a chain." 

Quantities enclosed in a Vinculum are to be considered 
as forming a Complex Unit. (See page 62*) 

The expression 8* X (6* + 3^^ 4* f ^^ ^*) n^eaus that the sum of 
the three quantities within the Vinculum is to be multiplied by 8* 

/. 8-X(6-+3^+|of4-)or(6' + 3i+|of4=-)X8-=12-X8-=96- 

Similarly, 72-^ (6- + 3^ + f of 4-) = 72- -r 12- = 6* 
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Also, (i of 66-— i of 20-) + (6- + 3i + f of 4-) = 84- + 12- = 46- 
And, {i of 66-— f of 20-) — (6- + 3i + f of 4*) = 34- — 12- =^22- 

The Bracket { }« or [ ], or a horizontal Bar (such as 
separates the Numerator of a Fraction from its Denomi- 
nator,) is sometimes employed as a Vinculum. 

Hence, 6- Xi of i-^ 9', and {6- X f of } -f- 9'} are respectively 
the same as (6* X f of f -f- 9'). 

Whatever, then, is said of the Vinculum is true also of 
the Bracket and the Bar. 

BULES FOB THE BEMOYAL OE THE YINCULUM. 

I. A Vinculum preceded by + may be at once effaced. 
For 19*+ (i of 42-— t of 64-) = Id' + iof 42- — f of 64- 

n. On removing a Vinculum preceded by X , the sign 
and Common Factor connected with it must be repeated 
before each of the previously enclosed quantities. Thus, 

8' X {6-+ 3i + f of 4-} = 6- X 8- + 3i X 8- + 1 of 4- X 8- = 96- 

This operation depends on the self-evident Principle, that any 
Multiple of a Quantity is equal to the Sum of such Multiples of 
all the parts of that quantity. 

III. A Vinculum whose contents are to be Divided by 
any Number may be removed by making each of the 
enclosed quantities a separate Dividend. 

ThTi8,{6- + 3j+iof4-}-f-3- = 6--T-3-+3i-^3-+|of4--^3-=4- 

Thatistosay,?:±Mtt^=| + ?|+t4^ 

Note. When a Vinculum is preceded by -f-, shewing 
that the enclosed quantities are to be combined (according 
to their respective signs,) to produce a Divisor, there is no 
way of evading that Vincidum, but by working out all 
the operations indicated within it, and making the Result 
the Divisor. 

72* 
For Example : 78-j- {6- + 3i + | of 4-) or ^.^3^^^^^^. 

can only be simplified by collecting the quantities enclosed by the 

Vinculum or £ar, and making their Besult (which is 12*,) the 

Divisor. 

70. 72 

rV. A Vinculum preceded by the sign of SubttaoAkra. 

o 
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may be remored, if all the signs of the enclosed quantities 
be changed. 

The BxpressioD S0-~ (12' + i-) signifies that the sum of 13- aad 
i- (that is IS') is b> be Bubtrsctcd from 26- If we subtraot 1-2- 
witiout flrat adding i' to it, we mu.st afterwards suhtract i' 

.: 28-— (ia' + l-)=2e— la-— 4- 
where the remoTid of the Viuculum is accompaDied by the ohange 
of the sign of the i- from + to — . 

The sign of the It- is also changed. For within tlie Vinejiliaa 
there is qo mlnue sign betoDging excluaivelj' to the IS- The miaas 
EiigB before the Tinciiluiu vriU lefer to the sum of 12' and 4' vhen 
that sum shall have been found. And When any qiiancity haa no 
nign exprened bt/are it, -^ it alicaya u«d*raloDd, Heooe, the 12- 
lias -^ andeistood before it, nai by removing the Vinculuui, and 
ajlomng its minus sign to remain conneated nith the IS- we haTe 
ahanged the sign of this quantity as we did that of the 4- 

Agoin, Sfl' — (12' — 4') means that the difference of 19' and 1- 
(that is B-), is to be sabtraoted from 26- If, then, we snbtraot 12' 
from Sfi', we shall subtract 4- too many ; and to correct our work 
we must afterwards add i- 

.-. 3B'— (la-— 4-)=afi-— 12' + 4' 
Where the signs of the i^uantitieB whi<!h were enclosed are both 
cbaijged, as before. 

DITI8I0N OF A. S17MBER INTO PBOPOBTIONAL PABT8. 

It is frequently necessary to distribute a Number into 
a Bet of parts which shall have to each other the same 
ratios as a given set of Numbers (either Integers or 
Fractions) hare. 

First Example woeked otri. Distribute 72' into 
four portions, having the ratios of 3-, 4', 5', and 6- 

These portions will be 
FirBt, A of 72', or 12' I Third, -,V of 72-, or 20- 
Second, -*,- of 72-, or 16' | Fourth, ^ of 72', or 34- 

Second Examplb woekbd out. Three men find a 
purse containing £100'; A claims \ of the amount, B, J, 
and C, i. Now, as it is not possible to give to each so 
much as he demands, how shall the sum of money be 
divided into three parts, having the ratios of these Frac- 

Now, the Common Deuomiuator IS- may be n^lected. For, 
Vi> -it! and ^ have to each other the same ratios as any 0; i; and 
:t- like units have. 

Thb question, then, is pi'edsely similar to the forner one, and 
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cnineji to tMa- "How shall £10* be ilistriboWd into tbree portionB, 

iiuvicg to each other the eame ratios us 0', i; and 3* liave?" 

A'a portion mil b« -A of £100', or £46iV 

^» portion will be -^ of £100-, or £30H 

C'i portion tiill bt A- of £100-, or £23tV 

From examination of these Examples, the following 
method is estahlished. 

To distribute a dumber into any let of proportional 
parts, which tkall be in the ratios of any t/iveri tet of 
Number ». 

First. Make each of the given Numbers, if Integers, 
the Numerator of a Fraction, of which the Sam of those 
Numbers is the Denominator. 

SecoDil. Find those Ftactjona of the Number which is 
to be distributed. 

If the given Numbers, or any of them, be Fractions, 
Reduce them to a Common Denominator. Consider the 
New Numerators as Integers, and proceed as directed 
above. 

EOUiTtONS. 

When two equal quantities are written wilh the sign of 
equality between them, an Hqnatioil is exprested; and 
the two equal quantities are called the two sidei of the 
Equation. 

Now, supposing an unknown quantity to form a part or 
a Factor of one of the two tides of an Equation, then we 
may gradually remove from that side everything but the 
unknown quantity, taking care in so duing to keep the 
two sides constantly equal, and then the other side of the 
Equation will at last express the value of the quantity 
which was at first unknown. This removal of all the 
known quantities to one side is called Solving the Equa- 
tion. It is effected by applying the following self-evident 
truths, or Axioms. 

I. If J^quah lie added to Equals tin Wholee wiU be 
Equal. 

II. If Equals be lahm from Equals the Remainden will 
be Equal. 

\. If Equals be multiplied by Equals the Products 

>e Equal. 

. If Egmh be divided bi/ Equal* the Quotients wUl 



I 
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GENERAL PRINCIPLE FOE THE SOLlJTIOlf OP EQUA.TI0N8. 

Principle XXIV. If iJie same opei-afitm be p^/ormed 
upon equai ipianiities the retails vMl be equal. 

Every Arithmetical Problem might be solved by the 
method of Equations, and very many can be more clearly 
and elegantly worked out by thia than by any other 
contrivance. We proceed to give a few very simple 
Esamples. 



FiEST Example worked out. ANTiat Number 
the 4th Multiple of? 

Required No. X 4" = 12' 
Divide both sides by i: Then, by Piusuiple xx. 
Required No. = 3' Proof. 3- X 4- = 12- 

Second Example worked out. To what No. 
14" be added to make 37-? 

Required No. + 14- = 37- 
SnbtriLct 14' from eocb side. 
.-. Required No. = Z1--U- = 2Z- Proof. 23-+14' 

Thied Examfle wokkkd out. What No. 
than its 4th Multiple by 44'? 

4' times Required No. = Required No. + 44 

Subtract Beqnired No. from each side. 

.'. 3' times Required No. := 44' 

Divide eich aide by .1- Then, hj Principlb sx. 

Required No. = " = 14f 

Proof. 14S X 4- = 58f= 14^ + 44- 

FocsTH Example wokked out. Of what 
15' five times the half? 

i of Required No. X 5' = 15- 

Dirida hoth sides by 5- 

.-. i of Required No. = 3- Pbik. xx. 

Muldply both BJdea by 3- 

.-. Required No. = 6- Proof. 6'X} = 



whole length ? 



i 12- 
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Whole lengthy infeet^ ^^^i of length, +i of length + 10' feet. 

Add the Fractions on the right-hand side. 

••. Whole length, in feet =. ^ of length + 10' feet. 

Subtract -f^ of length fh)m each side. 

•'• ^ of whole length, in feet = 10' feet. 

Divide both sides by ^, Principles ix. and xx. 

.-. Whole length of post = (10* -r- \^)feet = 2^' feet. 

Proof, i of 24- + i of 24- + 10- = 24- 

Sixth Example wobxed out. The wages of a 
servant were £40* yearly, and a suit of livery. Quitting 
his situation at the end of 5* months, he was found to be 
entitled to his livery and £6^. What was the livery worth ? 

Having served A of a year, he had earned A o^ ^0' + ^ of 
livery. 

But he was equitably paid with ^£6^ -f" ^^ whole of the livery. 

.•. Value of Livery + £6i=:i-fy[^ Value of Liverg -\--fy of £40- 

Subtract ^fg of Value of Livery from each side. 

.-. iV of Value of Livery + £6^ ==^^of £40- 

Subtract £6^ from each side. 

••• -A- of Value of Livery = £10} 

Divide both sides by ■^. Principles ix. and xx. 

« .', Value of Livery = £18* 

Proof. 18- + 6J = 24i = A of 18- + A of 40- 

Seventh Example wokked out. A traveller walks 
24* miles a day, and 2* days after he has started another 
follows and overtakes him in 6* days. At what rate does 
the second traveller walk ? 

Distance travelled by each = (24* X 8*) miles = 192* miles, 

.*. Required rate x 6* = 192* miles. 

Divide both sides by 6* 

.'. Required rate = — miles = 32* miles. 

Proof. 32* X 6* = 192* = 24* X 8* 

.*. Second traveller goes as far in 6* days as first traveller does 
in 8' days, and consequently overtakes him. 

Another Method, 

Second traveller gains on first in 6* days 48* miles. 

.•. Gain of 2nd traveller per day = ^ of 48* miles = 8* miles. 

Add first traveller's rate to each side. 
.*. Second traveller's rate = (24* + 8*) miles = 32* mtits. 

3 



EiBHTH Example worked out. A gentleman, dying, 
bequeathed a legacy of £140' to three servants. A was 
to have twice as much as B, and B thiee times as mucli 
as C. What were their respective shares? 

Call C'a portion, (being the least,} one share. 

Then, B's portion, ^ l/iree shares. 

And A'b portion, = six shares. 



.-. (1- + 3- + 6") shares = lO-sha 
Divide bolJi sides by Id' 
.-. One share = £^ =£14- 

.-. Three shares = £14- X 3- = M2- ^ B's porlioit} 
.-. Sis shares = £42- x 2' = £84- = A't portion. 



= £140- ^^ 
's portimt^^^^ 



TEAN3P0SITI0N IM EQnATIONB. 

Any Quantity preceded by + or — may be Transposed 

from one side of an Equation to the other, if its sign be 

reversed. That is to say, in Tranaposing, 

+ must be exchanged for — 

— must be exchanged for -(- 

This Transposition with eschange of signs is a neces' 

sary result of Peinciplb ixiv., as the following ejamplea 

will shew. 



T^e 6' IS Transposed with ila sign reversed. 

Again 42- — 8'= 34- 
Add 8- to each side, Pbin. ^stv. 
.-. 42' =34- + 8- 

The 8' H Transposed with its sign reversed. 



I 



EXERCISE LXXXI. 

KECAPITPLATOHT QUBaTlOITB. 

!■ What is DivitiioQ? Describe its ArithmetiCBl Sjinbol. "VThtl 
is the true meaning of llie Quotient in the following es.- 
preBBion, 12-^0-= 13? 4- what? % of what? Prove tiiis 
by an experiment with 43' strips of paper. What is Ibe 
absolute value of the % in above Example? In the same 
Example, by how mncb does the Dividend 42' exoeed in 
value the Quotient IS? 

a- Eecite the Principle involving this latter fact 
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3* How many methods have we expounded for ascertaining (for 

example,) how many eights are contained in 94*? 
4' What is the nature of the first of these methods ? 
5' What is the nature of the second? 
6' What processes are combined in the third ? 
7* Does Pure Division, or Distribution of a Number, increase or 

diminish it? Prove by experiment. 
8* What is the difference between the Multiplication and Division 

Tables? 
0' What is meant by expressing one Number *Hn terms of* an- 
other? How is this most briefly done? 
10* How may the Quotient be at once expressed fractionally? 
11* When can no other than a fractional Quotient be obtained? 
12' What Ratio does the fractional Quotient express ? 
13' How may any one part of an Integer be at once expressed 

fractionally ? 
14* What part of Unity does any Fraction express ? 
15' What part of its Numerator is any Fraction ? 
16* When are two Fractions Beciprocals ? 

17* Shew by experiment that Dividing 45' by 9* will not exhibit 
i of 45* How, then, is i of 45' discovered from Dividing 45* 
by 9*? . 
18* Prove, by an Example, each of the four cases included under 
Pbinciple xvn. 



as 8* -r 11* 
asi -f- 0* 



as 6' -r ♦ 



1st, An Integer -f- an Integer ; 
2nd, A Fraction -7- an Integer ; 
3rd, An Integer -f- a Fraction 
4th, A Fraction -f- a Fraction 
19* In Dividing by Units where do Quotient-figures fall ? 
20* When Dividend contains Integers only, how many ways are there 

of treating Bemainder? 
21* What is the Natural Place of each Quotient-figure? 
22* In Dividing successively by the Corresponding Factors of a 

Composite Divisor, how is Second True Bemainder found ? 

And why ? 
23* How is third True Bemainder found? And why? 
24* Describe each of the three methods of Dividing a Fraction by a 

Fraction. 
25* Divide ^ by 1^ after each of the three methods. 
26' In what respect will the Quotients of the following differ, 314*83 

-^ by 1'; 314*83 -r -0001 ; and 314-83 -f- 100? 
27*. How will Quotient of 314*83 -^ 20' differ from Quotient of 314'83 

rr 2', and from Quotient of 314*83 -J- -002? 
28* Dividing by '02 includes two steps (one of which is concealed) ; 

what are they? 
29* Divide 314*83 by *02, in such a way as to exhibit the two steps 

separately. 
30* Bepeat Principle xxi., and shew wherein it differs from Prin- 
ciple xn. 
31* How is the Greatest Common Measure of two Numbers 

found? 
32* What is the difference between Prime Numbers and Numbers 

piime to each other? Give examples of each. 
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3^' When is a FrscUnn in its lowest terms? How ma; it be 

reduced lo that state ? 
84' Howtnaj a Multiple or a- he ensilf recognized? 
35' How maj the Maltiples of S", of 4-, of 5-, of 0; of 9-, of 9- of lO", 

of 11', and of 12'. respectively, be known? 
3H' What two steps are necEssary in order to ascerttdn the Leaat 

Common Maltiple of anj aet of NnmberH ? 
37' How are FraotioDB redaced to their Leoitl ComniDn Denomi- 

38' What Vulgar Fractions only have equlvulent Decimals? 
3tl' When are Interminate Decimals prodncedf 
40' What iaa Repealing Decimal, and what a CirculaUng Deoimal? 
41" Give an eiample of a Pure Kepetend of one, (wo, or any nuv^er 

of places ! 
43' What Denominator baa any Mixed Decimal? 
43' How is the Numerator of tht Vulgar Fraction equivalent to any 

Mixed Decimal found? 
44' What is Ratio! How are the "Terms of the Eatio" named? 
4S' What Quantities have no Ha,tio* 
46' What is Proportion? 
47' How are the "Terms of a Proportion" named, collectively, and 

leparately I 
48' What t«o Prodocta are found eciual in any four Proportionals! 
48' Repeat the Principle which embodies this fact? 
6U' Prmii llu irath of t/u Principta. 
Si' What celebrated Rule is founded oi 
63- What is Cancelling? Where cim 

fiS' How may any Fraction of a Kumber be found ? 
04' Of the two methods, which is the more conveuient, and vhy ? 
5&' What is a Complex Fraction ? 
50- How are Complex Fractions produced? 

&T' Exhibit, by the partition of a Unit-square, the following Complex 
Fractions, -I, and H. 

SB' What is the ohoractaristic difference between the Engiish and 

French systems of Notaticn? 
50' What is the meoniug of the word " Vinonlura?" 
60' How are the entire contents of any Vinculum to be regarded? 
61' Bepeat the four ndes for the removal of the Vinculum. 
S3- When con a Vinculum not be got rid of without working out? 
83' Bepeat the general Principle for the Solution of Equatjons. 

EXERCISE LXXXn. 
MISCELLANEOUS EXAMPLES. 
1* Take half a dozen out of half a million. 
3' Subtract 3- doz. &om a million and a quarter. 
3' How many eights are there in i of 10000' ? 
4- How raaoy nines in \ of 23' scores? 
B- How many lb. in -ft- of 10- tons? A ton = 2240' lb. 
6' What part of 5 J (re 4^7 
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7* By what must 3f be multiplied to produce If ? 
8* What Factor of ^ corresponds to A? 

9* Find the two Numbers whose Sum is 100*, and Difference 36* 
(See ExEBCiSE lx. Examples 20% 21*, and 22') 

10- What No. Subtracted from Uf will leave 1}? 

11- What No. Added to ( A + i of ^) will give as Sum J of Cf ? 

12- Multiply 2A by 16f, and Divide the result by ii of i 

of 6-76. 
13* Divide 6f by 3f , and Add the Quotient to A. 
14* What Number is that of which 14* is J ? 

•J of Required Number = 14* 

Divide both sides by i, 

.*. Required Number = 14* -J- f = &c, (See Prin. ix. and xx.) 

16- Divide -004 by -00002; and find the value of '^^ ^ '^^ 

•^ -0005 

16* Find the Sum, Difference, Product, and QuotienU of 2^ and 

17- Divide 1; 472, 005- by 9,200-; and prove the work. 

18- Divide -025 by -000625- 

19* Beduce f, -^ and f to a Common Denominator. 
20* Find the i^cm. 6f 36-, 42-, 24*, 18-, and 32- 
21* Beduce ifg, i, and -fg to their Least Common Denominator, 
22' What No. is that whose 5th Multiple exceeds its 2nd Multiply 
by 27-? 

Required No, X 5- = {Required No, X 2-) + 27* 

23* The Difference of the 7th and 4th Multiples of a certain No. 

is 22* What is the No.? 
24* One half of the 7th Multiple of a certain No. is 18- less than 

its 5th Multiple. What is the No.? 
25* What Number is less by 5- than i of its 7th Multiple? 

Required No, X J of 7- = Required No, + 5* 

Divide both sides by ^. 

.*. Reqd. No, = {Reqd, 2^o. -|- 5- ) -f- ^ = f o/ Reqd, No. + ^of6' 

Subtract f of Bequired No. from each side. 

.', f of Required No. = f of 5* = V^ 

Divide both sides by f. 

26- If 15- geese cost 35* shillings more, than ten geese, what is each 
worth, supposing them all to be of like value ? 

27* A boy spent half of his money in marbles, i in fruit, and the 
remainder in the purchase of a half-crown book, which, 
being soiled, he obtained at f of its price. What amount, 
in pence, had he at first? (See 5th Example worked out. 
Page 160*) 

28* How many British miles are equivalent to 128* Irish ; 11- Irish 
being equal to 14* British ? 

29* A hare, whose speed was -A: of that of a greyhound, was over- 
taken by him after running 156' yards ; how far had the 
greyhound run ? 

For every 3- yards run by hare, the hound ran IV 
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30 Suppose tlie aOiiae two ammala had been, at startiag, B6' yarcls 
asunder, liow for nonld the hare bsTe nm. hefore faeiag 
caught? 
Sound gaing 6- yardi on every 3- yardi run by hare. 
Hound rnuti gain, in all, SB' yardi, 
.: Hare will run tu many tinus 3* yardt a> thtre are, dte. die. 
31- A Shetland ponj, whioh made T' leaps of S- fe«t long io tbe 
same time as an Eiraoor pony made S- leaps of 8' feet long, 
was overtaken h; the latter, after maltiug 310' leaps. Ho^ 
far naa the Shetland in advance at starting? ^^_ 

BUtance ran by Shttlani in 210 leapt ^ feet. ^^H 

No. of leapt niade by Extaaor ^ ^^^| 

.'. Diitance run hg Extaoor i= fett. ^^^| 

Inlemal at itariing — 150' /eel. ^^* 

33' How many apples at Sjd. per dozen can be bought for SQ}d.? 

Value of 1 apple at Sid. per doi. = y|= A o/ apemiy. 

No.ofappUiat ^./ar a9fd, =^ aSJd,^ ^. = 103- 

Proof. 103- apples at i^. each, cost Ad.-X 103' = 3ajd. 

33' How many apples at Id. per doi^en are worth 150- pears at Hit 



c6c, ill!. tie. ^^^H 

34- Express nine by the same Digit thrice written. ^^B 

35- A could complete a piece of work in 4- days, and B ntnUi ia 

the same in B' days; in what ticae would they finish it hath 

working together? 
Call t)ie pieee of aark 1- 

Then A's day't ioDrt=i, and B's daj/'e laork = i ; 
,-. A and B together do in 1- day (i 4- i or) -^ of the work. 
.-. Ai ■many limes as ^ are contained in 1' so many dayt irill 

the work oerapy the two men. 
.'. No.o/dav« = l'-i-A = l-X^'' = aidoj(.. 
Proof. In as days, A will do}xaf = fl .. J or the entire 
In 28 days, B will do i X 3g =H~ 1 «""■*■ 
3S- Supposing that a peck loaf would suffice for a man 5' days, and 

for the man and his nife 3' days, bow long would such a 

loaf last the latter alone? 

37- A, worHngalone, could mow afield in 75 days, bntwith B'b assis- 

tance in 4J days. In bow many days would B do it aJone? 

38- How long moat A work alone so that, on B'b coming to help 

him, l£e job may he completed in 3- days from iSe arrival 

of the latter ? 
30' If A can paper a saloon in 7 hours, B in 61, and C in OJ homra; 

in how many hours would tbey complete it all worMng 

together ! 
40' E, F, and Q working together can plaster a house in Of days, 
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which E alone can do in 27* days, and F alone in 21* days* 
In what time can G do it by himself? 

41' Supposing £'s earnings to be 5's. per day, what will Fs and 
G's be at the same rate ? 

42* A person possessing f of a tin mine sold f of his share for 
£2580* What was the whole mine worth at that rate ? 

43* A lady's fortone, being J^lOO*, was f of { of her brother's* 
How much was his ? 

44* A farmer sold 96* loads of hay to two persons. The first 
bought one half of his rick, and the second one fourth of 
it. How many loads did that rick contain ? 

45' A father left dSOOO* to be divided between his two sons, of 
whom the eldest was to have twice as much as the younger. 
How much had each ? 

46* A certain sum of money is divided into two portions which are 
in the ratio of 4* : 9*, and the greater portion exceeds the 
less by £15' What is the amount divided, and the amount 
of each share? (See "Division into Proportional Parts." 
Page 158*) 

47* M and N together could lay a floor in 5* days ; but, after work- 
ing together 3* days, N was compelled by illness to abandon 
the task, which M then finished in 3} days. How long 
would N have beeu finishing, supposing he had been left 
alone instead of M ? 

48* If 4jlb. of beef be worth 5ilb. of mutton, how much beef will 
be worth 1 cwt. of mutton ? 

1* lb. of beef worth — j- lb. of mutton, dtc, 

49* How many pieces weighing llf lb. each can be cut from 1^ cwt, 
of beef? 

50' E's rate of walking is f of G's. Now, supposing they start 
at the same moment in the same direction, how far will E 
have advanced when G will be 15* miles ahead of him ? 

51* Now, suppose the same parties to start at the same moment in 
opposite directions, and to meet at 9f miles from E's starting 
point. How far were they asunder at first ? 

52* JS1280* are distributed among three persons so that their por^ 
tions are in the ratios of 5*, 3*, and 2*, respectively. How 
much does .each receive? 

53* How many stone of 14* lb. each in 9* cwt? 

54* How many dozens in Si millions ? 

55* What Fraction of a cwt are 21* lb.? 

56* A man had to walk 80* miles in 4* days; but, after walking 3* 
days at a certain rate, he found it necessary, in order to 
complete his journey within the stipulated time, to wdk 4* 
miles more on the 4th day than on the 3rd. How many 
miles did he walk on each day? 

57' The minute-hand of a clock moves 12* times as fast as the 
hour-hand. Now, at 12* o'clock the hands start from the 
same point ; how many minute-spaces will they be asunder 
at 16* minutes past 12*? 

58* How much does the minute-hand gain per minute on the hour- 
hand? 



)' The wliola oirole on the eloclc-fuie Is divided into 60' mimilf- 
ipaeti, each of vhicli ia traversed b; the iong-hnnd in a 
minute of time. When, between la- o'elook snd 1- o'olock, 
niJl the bands be first in the same straight line ? 
Thit icill occur v/tien M,H. has gained 30- mimi.tee on H.H. 

y When will the hands be 16- minuW-spBces asuDder, betweoi 
13' andl'f 

[■ At what time, between 3' 
hsnd 5' minute-spaces 

They were 15' minute-tpacei oiunilcr at starting. 
.'. M.H. ha* gained, <te. itc. 

!' Where is the bour-hand at 30' mintites past one ? 

1- Between !■ and 'i' tbe hands were notioed to be eiaotlj 33' 
minnte-spaces ssnnder. What waa (he time? 
They vitre b- minnlet amnder af etarting. 
.-, M.S. hai gained on HM. (6-+ 38-) miButet, ito. (te. 

I' Peter Drainparse paid awaj \ of his money, lost \ of the rsEt, 
lent \ of what then retnaioed, weis robbed of f of tha resi- 
due, and then hud 9' sbillingB left. How much did he 
■pay, lose, and lend raapeativQljr; and of hon nmcb was he 
robbed? 

y Add together i, i, J and A. Snbtraot their sura from Bj times 
3A- Multiply the result by % of M^. Find what Fraction 
the Product ia of tMf. 'i 

)■ A bankrupt's effects realize £7B4B*, which will only pay £Z- out 
of Bvory SXG- which he owes. What is tbe amount of Ma 
debts? 

?■ In a iJivision Sum {'.), the Dividend was 8795aB', and the 
Quotient 2Vil-fi^. What waa tha Diviaor ? 

3- In a MultiplioaUon Snm (1!), the Multiplier was lOf, and the 
Product 18446- What waa the Multiplicand • 

9- In a Snhtraclion Sum (I ! 1), the Difference was j of the Sub- 
trahend, and the Minuend was 041'55. Find tbe other two. 
(See page B7-) 

3- If P can reap li acre in iij daja, and Q IJ acre in SJ days, 
bow long will the two he occupied in reaping lOJ acres? 

I- How much should each receive, at Ss. per acre? 

3- L, M, and N travel Irom the same place, in the same direotioDi 
at the rate^ of i)-, 6-, and S- miles an hour reapcotively. M 
aets out \'i- hours after L; how many houra after M miiat 
N set out, so that they majoverlakaL at thesamemoaient! 

3- KSilb.of cheeBebeworthailb.of batter, and 8i lb. of butler 

worth, 11^ lb. of bacon ; how many lb. of bacon are worth 
SO- lb. of obeese. (See Example 18') 

4- Suppoaing A to bave got ahead of B 3^- miles in 6- hours, how 

much per hour nmat B increase bis speed to overtalie A in 
df houra ? 
6- Swiitand Sureetarted together in the samedirection,at 3- o'closk, 
Swift walking at the anifonn rata of 3| milea per hour. At 
\ past 6-, being than aj niiles in advance of Sure, (who ■lio 
proceeded at a uniform s] ' ' 
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awaking, he found he had to walk 5* hours at the same rate 
as before to overtake Sure. How long had Swift slept? 

76- If l^lb. of tea be worth 3^ lb. of coffee, Ojlb. of coffee worth 24-lb. 
of sugar, and H lb. of sugar worth 4* lb. of soap, how many 
lb. of soap are 3* lb. of tea worth ? 

77* A Coachman whose annual wages were £35* and a suit of livery, 
left his place at the end of three months, when he was found 
to be entitled only to the livery, without its gold lace, which 
was worth £1*; what was the entire amount of his year's 
wages ? 

78* How many gallons of water in !• cubic foot? (Exercise liv. 
Example 10*) 

79* A cistern containing 4658' cubic feet of water is fitted with two 
valves, A and B, which, being both open together, would 
discharge it in 4^ hours. Now the valve B alone would 
discharge the cistern in 6*6 hours. How many gallons of 
water per minute are let off by valve A ? 

Fraction discharged per hour by both valves = 
Fraction discharged per hour by B alone = 
Fraction discharged per hour by A alone = 
Fraction discharged per min. by A alone = , = galls. 

80 Connected with the same cistern is a pump which will fill it in 
3f hours, when both valves are closed. In what time will 
the pump fill the cistern ? 

First. If valve A, alone, remain all the time open ? 
Second. If valve B, alone, remain all the time open? 
Third. If both valves remain all the time open ? 

81* Now, suppose the cistern full, and the valve B to be opened. 
How long afterwards must the pump commence working to 
refill the cistern in 2^ hours, valve B remaining still open ? 

Find how much the pump gains on valve B in 2 J hours. 
Pump must commence as soon as that quantity has run off. 

88* The cistern being full, both valves are opened, and after IJ 
hour the pump commences, and continues working f of an 
hour, both valves remaining still open. The pump and 
valves being then all stopped, how much water remains 
in the cistern ? 

83* A Farmer's daughter, being asked the number of her father's 
poultry, said that J + i + i + i + ^g+-^ + -^\ of the 
number of ducks was the 5ih Multiple of the number of 
fowls ; and that i + i + i + T^ + ifcof the fowls amounted 
to llO* How many were there of each ? 

84' A, working alone, can do a piece of work in 8* days, but with 
B's assistance in 4^ days; how long must A work alone, so 
that, with B's subsequent aid, the task may be completed in 
6* days from its commencement? 

85* Shew how to distribute ^£64^ between A and B ; giving the 
latter f of the amount given to the former. 

86* Sixty poimds sterling may be distributed into three sums, such 
that i of the first, i of the second, and i of the third shall 
be equal amounts. What are the three sum^^? 

P 
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87' A gig and two horses cost together £75*; the first horse and 
the gig together cost £bb-; the second horse and the gig 
together cost £60' ; what was the cost of each ? 

88* A man engages to do a piece of work in 20* days for £5*; but 
after doing f of it, he finds that, in order to complete the 
work in the time, he must call in the assistance of another 
workman of skill and activity equal to his own. How long 
must this assistant work, and what amount will be due to 
each? 

89' A quantity of com, which would suffice for a horse, a mule, and 
an ox 8' days, would be consumed by the horse and mule 
together in 12* days, but would last the mule and ox 16* days. 
How long would such a quantity serve each animal separately? 

90' A, B, and C, sharing the profits of an adventure, find that the 
Sum of A's and B's gains is £\S^, that of B's and C*8 £12f, 
whilst A's and C's shares, together, amount to ^llfj. What 
was the gain of each ? 



SUMMARY OF PRINCIPLES. 



Principle I. The same Digit is made to represent 
diiFerent Numbers by changing its place, counting from 
the Decimal Point. Page 3' 

Pkinciple II. The Cipher is employed to' fill places 
where Significant Figures are not required ; and the Cipher 
is only of service when it stands between a Significant 
Figure and the Decimal Point. Page 3* 

Pkinciple III. There are as many Units in the Half 
of a Number as there are twos in the Whole of it; as 
many Units in the Third as threes in the Whole, &c. &c. 
Pages 23- and 24* 



There are as 
many times 



' i in one Half of any Integer ' 
i in one Third „ „ 
^ i in one Fourth „ „ 
&c. &c, &G, 



as there are Units 

- in the whole of that 

Integer. (P. J01-) 



CoEOLLABY. Any one part of an Integer is at once ex- 
pressed by writing the Denominator of that part under 
the Integer. Page 100* 

Peinciple IV. In the Decimal System of Arithmetical 
Notation, each Digit has one tenth of the value it would 
have in the next place to the left, and tenfold the value it 
would have in the next place to the right. Page 26* 

Peinciple V. Unlike Units cannot be compared in 
any way. Page 35* 
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CoKOLLARY. There is no Ratio between unlike Concrete 
Quantities. Page 146- 

Pbinciple VI. The Multiplicand and the Multiplier 
may be exchanged the one for the other, and no alteration 
will be made thereby in the Product. 

Peinciple VII. In whatever order Numbers are mul- 
tiplied together, their Continued Product is always the 
same. Page 53* 

Pbinciple VIII. Multiplying by any power of 10* 
merely removes every Digit of the Multiplicand as many 
places to the left as there are Ciphers in the Multiplier. 
Page 55' 

Pbinciple IX. The word " of" between Numbers has 
the same meaning as the sign of Multiplication. Page 56' 

Principle X. Multiplying by Digit 1, standing in any 
place, merely removes every Digit of the Multiplicand to 
the right or left, as many places as the Multiplying Digit 
is from the Units' place. Page 60* 

Pbinciple XI. The Product of any Number and a 
Composite Multiplier is equal to the Continued Product 
of that Number and any set of Corresponding Factors of 
the Composite Multiplier. Page 64* 

Pbinciple XII. Multiplying by a Single Digit, stand- 
ing in any place, removes each Figure of the Product, to 
the right or left, as many places as the Multiplying Digit 
is from the Units* place. Page 66- 

Pbinciple XIII. Multiplying or Dividing the Nume- 
rator and Denominator of a Fraction by the same Number 
makes no alteration in the value of that Fraction. Pages 
79- and 134- 

Pbinciple XIV. Each Unit of the Quotient is a 
Complex Unit, and is equivalent to the whole Divisor, 
Page 99- 

Pbinciple XV. The Quotient is at once expressed as 
a Vulgar Fraction, by placing ' the Divisor under the 
Dividend. Page 99* 

Pbinciple XVI. Any Fraction is the same part of its 
Numerator that Unity is of its Denominator. Page 101* 

Pbinciple XVII. Dividing by any Number produces 
the same figures as Multiplying by the Reciprocal of the 
Divisor. Page 106* 

Pbinciple XVIII. The Dividend and the Quotv«^\. vcl- 

p 2 
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crease and decrease together. Multiplying the Dividend 
(before Dividing,) also multiplies the Quotient : and pre- 
viously Dividing the Dividend also divides the Quotient 
of the subsequent Division. Page 107* 

Or, Division followed by Multiplication produces the same 
result as Multiplication followed by Division ; supposing, 
of course, the Divisor and Multiplier to remain unchanged. 
Page 151- 

Pbinciple XIX. The Quotient and Divisor are Cor- 
responding Factors of the Dividend. Page 112* 

CoKOLLAKY I. A Fraction multiplied by its Denominator 
gives its Numerator. Page 112* 

CoEOLLAKY II. The Dkisor and Quotient may exchange 
places, if Dividend be retained unaltered. Page 113* 

Peinciple XX. Any Number divided by one of its 
Factors gives its Corresponding Factor. Page 113* 

Peinciple XXI. Dividing by a Single Digit, standing 
in any place of Integers or Decimals, removes every 
Quotient-figure as many places, but in the contbaby 
DiEECTioN, as Dividing Digit is from Units' place. 
Page 128^ 

Extension of Peinciple XXI. Dividing by any 
Integer or Decimal removes every Quotient- figure as 
many places, but in the contbaby dibection, as right- 
hand Significant -figure of Divisor is from Units' place. 
Page 129* 

Peinciple XXII. Every Measure of any two Numbers 
measures also a. Their Sum. b. Their Difference, 
c. Any Multiple of either of them. Page 132- 

Peinciple XXIII. When four Numbers are Propor- 
tionals, the Product of the Extremes is equal to the Pro- 
duct of the Means. Page 148* 

Peinciple XXIV. If the same operation be performed 
upon equal quantities, the results will be equal. Page 160* 

Peinciple XXV. Any Multiple of a Quantity is equal 
to the Sum of such Multiples of all the parts of that 
Quantity. Page 157* 

Peinciple XXVI. The Quotient of the Sum of any 
set of Numbers by any Divisor is the same as the Sum 
of the Quotients of the separate Numbers by the same 
Divisor. Page 157* Rule III., for removal of Vinculum. 

END OF FABT I. 



THE CONSTRUCTIVE ARITHMETIC. 



PART II. 



APPLICATION OF PRINCIPLES AND ELEMENTARY PROCESSES 

TO COMMERCIAL ARITHMETIC. 



MEAST7BEMENT OF CONCRETE QUANTITIES. 

The Tarious kinds of Concrete Quantity with which 
Arithmetic has to do, are : I. Time ; II. Lineal Distance, 
consisting of Length only; III. Superficial Extent, or 
Area, made up of Length and Breadth only; IV. Solidity, 
having Length, Breadth, and Thickness ; V. Capacity, or 
power of containing, depending on Length, Breadth, and 
Depth ; VI. Weight ; VII. Money- Value. 

Every Concrete Quantity must, of necessity, be mea- 
sured by a Unit of its own nature. Principle v. 

We ascertain the magnitude of any given Length by trying how 
often it contains some settled Unit of Length. Duration c£ui only 
he measured by a Unit of Time; Surface or Area, by a Unit of 
Surface, or a Superficial Unit. Solidity and Capacity are measured 
by Solid Units ; Weight by Units of Weight ; and Value by Units 
of Value. 

The measuring units are called Units of Comparison. 

Many of our Concrete Units of Comparison, having been selected 
in half-barbarous times and by illiterate persons, originated from 
very rude and clumsy contrivances. For example, our smallest 
Unit of Length was, until very recently, called a barley-corn^ and is 
said to have originally been, really, the length of '' a grain of ripe 
harley taken from the middle of the ear." The inch was the length 
of three such grains laid end to end. 

The yard was the length of king Henry the First's arm ; and, to 
the present day, a sailor roughly measures a fathom of rope by 
stretching it across his breast to the full extent of his arms. 

The /oot, the hand^ the span, and ihepace, were, as their names 
imply, similarly derived. So was also the weight called a grain. 

The ancient Unit of Length, called a cubits was originally the 
length of a man's forearm and hand, that is to %&^, ^xoxd 'vXv^ ^^orv 

p 3 



CONCBETB UNITS OF COMPABISOIT. 



d Ihia was held to be the fi^orth 



IMPERIAL STANDARD MRASDBE. 

It was enacted in 182'1-. and again in 1855', that all 
OUT legal Units of Length sball be tested by the Imperial 
Standard Tard ; nhicb is the distance, in a straight line, 
between the centres of the two gold plugs or pins in the 
bronze bar deposited in the office of the Exchequer. The 
foot is one third of this yard, and the inch is one thirty- 
sisth of it, or one twelfth of the foot. 



METHOD OF KESTORING THE STANDAED. 

As it ia quite possible that the Imperial Standard Yard, 
and all certilied copies* of it might be lost or defaced, it 
was necessary to provide a method by which the Standard 
of Length might be restored by reference to some natural 
unvarying unit. 

The Act of 1824- provided that the natural Unit of 
Length to which we should refer, in order to restore our 
present system of Measures, should be a Fendatum f vi- 
brating seconds of mean time in vacuo, at the level of 
the ^ea in the latitude of London. 

By dividing such a Pendulum into 391393' equal parts, 
and then taking 10000' of those parts, we should obtain 
the length of our present inch, which is, consequently, 
iV^'y^V of the length of the Pendulum in question. And 
the Pendulum is = 39'1393 inches. 

But, as the said Pendulum must be of the length to 
vibrate seconds, it becomes first necessary to establish tbe 
duration of a second. Hence, the Unit of Time lies at 
the foundation of our whole system of Concrete Units of 
Comparison. And these are successively derived in the 
following order, which therefore indicates the natural 
arrangement of the Tables of Measures and Weights, 

I. Time. I V. Cnpaoitj, or power of con- 

II. Lineal Measiu'e. tainiag. 

m. Superficial Measure. VI. Weight. 

IV. Solid or Cubic Meaanre. | VIl. Money-Valne. 



+ A Peodnliun 1b n md airinging i 
proved llist ey«7 Fendolum vtbial ^ 
MEliOBle.l wiU hs of tta sbuib Jength, praHded 
I. That It meet vlth llie Bams aninnnt i>r reqiatin 
IT. Tbiit it he sUnatHd "t Ui - ■ ■ - 

:taatitremiiDlnthe» 
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TABLES OF MEASUBES AND WEIGHTS. 

I. TIME. 

The earth, by revolving on its axis, turns, in succession, eveiy 
point on its surface towards the sun. The time elapsing between 
two such successive presentations of the same point to the sun is 
called a Solar Day, 

The twenty-fourth part of a mean Solar Day is an Hour» The 
sixtieth part of an Hour is a Minute: and the sixtieth part of a 
Minute is a Second, 

60* seconds (marked sec) = 1' minute ; marked min, 

60' minutes = T hour; „ ho, 

24' hours = 1* day ; „ da, 

7* days = 1* week; „ we, 

4* weeks = 1* common month ; „ co, mo, 

13* mo. and !• da., or 62* we.\_ ... ^^^^^„ „^^^. ^ ^.^ 

and 1- da., or 365- da. ) = ^ ^^""^^^^ ^^^ ; » «• ^ • 
365J days =!• Julian year; „ Ju. yr. 

366' days = 1* bissextile or leap year. 

The Common Month of 4* weeks is sometimes called a Lunar 
Month; but the true Lunar Month, (that is, the time from new 
moon to new moon,) is 29* days, 12* hours, 44* minutes, 2*87 se- 
conds. The true Tropical Year, on which the return of the seasons 
depends, is 365* days, 5* hours, 48* minutes, 49*7 seconds. 

The year is also divided into twelve Calendar Months ; namely, 



January 31* days. 


May 


31* days. 


September 30* days. 


February 28* or 29* „ 


June 


30* „ 


October 31* „ 


March 31* „ 


July 


31- „ 


November 30* „ 


April 30* „ 


August 


31* „ 


December 31* „ 



The number of days in each month is easily remembered by the 
aid of the following rhyme : 

Thirty days hath September, 

Like April, June, and November. 

Each of the rest has thirty-one, 

Excepting February alone ; 

Which numbers twenty-eight days clear. 

And twenty- nine in each leap year. 

Every fourth year is a Bissextile or Leap year. If the Number 
expressing the name of the year be a Multiple of 4*, that year is a 
Leap year. Thus 1836* was leap year, because 1836* .^ 4- = 459* 
without a remainder; and 1843* was 3* years after leap year, for 
1843* -f- 4* leaves a remainder 3*. Again, if the year in question 
be the last of a Century, it will be excepted from this rule, and will 
not be leap year, unless the number of hundreds be exactly divisible 
by 4* Thus, neither 1900*, 2100*, nor 2200* will be leap year, be- 
cause 19', 21', and 22' are not ex^t multiples of 4*. See Appendix, 
note on Old and New Styles. 

THE POUR QUARTER DATS. 

England and Ireland, 



Lady-day, March 25th. 
Midsummer-day, June 24th. 



Michaelmas-day, September 29th. 
Christmas-dtty, I>eQeTci\:^^x '^.t^'Cci. 
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Scotland, 



Candlemas-day, February 2nd. 
Whitsun-day, May 15th. 



Lammas-day, August 1st. 
Martinmas, November 11th. 



Christian nations reckon their chronology from two ei>ochs: 
I. The Creation ; II. The birth of Christ, or commencement of 
the Christian Era. A year c-ounted from the Creation is dis- 
tinguished by the letters A.M. standing for '<Anno Mundi,** ^^In the 
year of the world" A year reckoned forward from the birth of 
Christ is marked by the letters A.D. an abbreviation of the words 
"Anno Domini," "In the year of the Lord" When "reckoned back- 
ward from the same event, the year is marked either by the letters 
A.C. "Ante Christum," or by B.C. ''Before Christ." For example, 

The Deluge occurred A.M. 1656* ; or A.C; or B.C. 2348' 
America was discovered A.M. 5496*; or A.D. 1492* 

The hours before and after noon are frequently distinguished 
from each other by the letters A.M. and P.M.; A.M. standing for 
the words "Ante Meridiem," ''Before Mid-day" P.M. standing for 
the words " Post Meridiem," "After Mid-day," 

n. UENEAL KEEASTTBES. 

Lineal Units must be considered as having neither Breadth nor 
Thickness, but Length only.* 

I. AKTIFICERS' LINEAL HEAST7BE. 

12- lines, or seconds (marked ") = 1* inch; marked in., or '. 
12* inches = 1* foot; „ ft. 

3* feet = 1' yard; „ yd. 

6- feet, or 2* yards, = 1* fathom ; „ fm, 

II. land-surveyors' lineal MEASURE. 

7*92 inches, or 7ff inches = 1* link of Gunter's chain. 
'2b' links, or b^ yds., or 16 J ft. = 1* rod, pole, or perch r. orp, 

100* lin., or 22* yds., or 66* ft., or 4* po. = 1* chain. ch. 

10- ch., or 220- yds., or 060- ft., or 40* po. = 1- furlong. fur. 

80- chains, or 8* fur., or 1700* yds., or 5280* ft. = 1* mile. mi. 
3* miles ' = 1* leag. leag. 

Links are usually written as Decimals of a Chain; but Chains are 
sometimes represented as hundreds of Unks. Hence, 94* Chains 
and 35* links may be expressed either thus ; 94*35 Chains, (and 
this is the better method,) or thus: 9435* Links. The latter plan 
is employed to escape the trouble of learning to multiply Decimals. 

III. CLOTH (lineal) MEASURE. 

2J inches = 1* nail. na, 

4* nails, or 9* inches = 1* quarter. qr, 

4* quarters, or 16* na., or 3* ft, or 36* in. = 1* yard. yd. 

3* quarters, or J yd. = 1* Flemish Ell. Fl. E. 

5* quarters, or Ij yd. = 1* English Ell. E. E, 

6* quarters, or 1^ yd. = 1* French Ell. Fr. E. 

37* inches, or 1^ yd. = 1* Scotch Ell. Sc. E. 

* See note to Solid or Cubic Measure. 
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IV. LINEAL MEASURE OF THE CIRCLE, OR ANGULAR 

MEASURE. 

One Three -hundred -and -sixtieth part of the Circumference of 
any Circle, great or small, is called a Degree. 

A Degree is, then, a variable Unit of Length, heing longer or 
shorter in proportion to the size of the Circle from which it ii« derived. 

60* seconds (marked ") =1* minute, marked ' 
60* minutes = 1* degree. „ ° 

360* degrees == 1* Circle. 

To measure any plane Angle, we take the Angular point for a cen- 
tre and describe so much of a Circle as will reach from line to line 
of the Angle. Then, the Fraction of the circumference included 
between the two lines shews the magnitude of the Angle. If one 
fourth of the Circle be so included, the Angle will contain 90*°, 
and be called a Right Angle, An Angle of 60*° includes between 
its two lines one sixth of any Circle which has the Angular Point 
for its centre. 

Latitude and Longitude are measured in degrees, minutes, and 
seconds. 

V. GEOGRAPHICAL OR NAUTICAL (LINEAL) MEASURE. 

This measure is derived from the Earth's circumference at the 
Equator. 

6075*8 feet (nearly) = 1 • nautical mile. w. mi, 

3* nautical miles = 1* nautical league, n. leag, 

60* nautical miles, or 20* n. leag. = 1* degree of the Equator. 
360' such degrees = the Earth's circumference at the Equator = 

24855'5 common miles, nearly. 
The degree of Latitude is nearly the same in any part of the 
Earth's surface, and may be reckoned as equivalent to I*** of the 
Equator. The degree of Longitude is less and less as we recede 
from the equator. 

VI. MISCELLANEOUS LINEAL MEASURES. 



4* inches = 

8* inches = 

3* palms, or 9* inches = 

18' inches, or 21* inches = 

3- feet = 

120- fathoms = 

7* yards = 

280- yards = 

2240- yards 



• hand.* 

• palm, or hand-hreadth. 

• span. 

• cubit. 

• pace. 

• cable's length. 

• Irish perch. 

• Irish furlong. 

• Irish mile. 



11* Irish miles are == 14' English miles. 

m, SUPEBFICLAJCi OB SaXTABE MEASX7BES. 

Superficial Units are to be considered as without Thick- 

* Includiag the width of the thumb. 
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ness. A saperfidal inch is eqaal to a square surface, 
one lineal inch in length* and the same in width. 

A BUpefficial prime is equal to an oblong surface, one 
foot long, and one inch wide. 

A saperficial or sqiuure foot is equal to a square, mea- 
suring one lineal foot in length, and the same in width. 
And so on with other superficial Units. 

I. ARTinCERS' SUPERFICLO. KEASURE. 

1'2* sap. or sq. in. or s«c. marked = 1' sup. prime. ' 

!*;>• sup. primes, or 114* sup. in. = 1* snp. foot. s.fi. 

9* sup. feet = I* sup. yd. s.yd, 

100* sup. feet = I* square of flooring. 

IL LAXD surveyors' SUPERFICIAL MEASURE. 

10,000- superficial links = 1 supL chain. 

10* superficial chains, or ltX\000* sup. links s= 1 statute aere. 
dO^ sup. yds., or 6*25* sup. links = 1 * sup. rod, pole, or pch. t. p. 
40* sup. poles, or '2*5 sup. chains = 1 * rood. s. rd» 

4* roods, or 16i f sup. poles, or \ _ , . . 

A>40- sup. yds. J - ^ *^^*^"*^^ **^- **• 

640* statute acres = 1* square mile. i.mu 

40* sup. yds. = 1* Irish sup. perch. Jr. tu.p» 

7840' sup. yds. = 1* Irish acre. Jr. oc. 

Down to the perch, the Irish acre is dirided similarly to the 
statute acre. 

The rod, pole, or perch, (both lineal and superficial) is veiy 
often improperly termed a **yardy'* or ^landyard," In many parte 
of England, the old or " cusutmary " acre is 5760* sup. yds., being 
composed of 160* sup. rods of 36* sq. yds. each, instead of 304 ^' 
yds. 

IV. SOUB OB CUBIC KEASUBE. 

Solid bodies have three dimensions, Length, Breadth, 
and Thickness. 

A Cube is a solid having six equal sides, each of them 
a square. 

A solid or cubic inch, or third,* is equal to the hulk of 
a cube, a lin. inch long, and the same wide, and thick, so 
that each of its six sides or faces is a superficial inch. 

A solid second* is equal to the bulk of an oblong column 
or prism, one ft. long, one inch wide, and the same thick, 
so that each of its four long sides has a surface of 12' 
sup. inches ; and each of its ends is a sup. inch. 

A solid prime is equal to the bulk of a square slab, one 
the same wide, and one inch thick. Hence, its 
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top and bottom have each a surface of 1 * sup. foot ; and 
each of its four sides, a surface of 1* sup. prime.* 

A solid or cubic foot is equal to the bulk of a cube, 
having six superficial feet for its sides. 

1 2- soMot^cuWc inches, or thirds, | ^ ^, ^^^^ ^^^^^^^ 

12' solid seconds, or 144* cu. ins. = 1* solid prime. ' 

12' solid primes, or 1728' cu. ins. = 1* cubic foot. eft. 

27* cubic feet = 1* cubic yard. c. yd. 

40' cubic feet of rough timber, or ) -. . , •» , 

60- cubic feet of hewn timber / ~" "^ ^^^^' '^' 

42' cubic feet «» 1* ton of shipping. T. sh, 

128* cubic feet = 1* cord of wood. 

V. KEEASXJBES OF GAPACIT7. 

I. IMPERIAL MEASURE : DRY AND LIQUID. 

"Capacity** means power of containing; hence, the 
Capacity of a vessel is only another name for the bulk or 
solidity which would exactly fill it. Consequently, Capa- 
city' is measured by solid units. 

The Standard of Capacity of Vessels, both for liquids 
and dry goods, is The Imperial Gallon^ which contains 
277*2738 (or rather more than 277i) cubic inches. One 
thirty-second part of this gallon is a gill, cubic inches. 
4- gills, gi. = 1- pint. pi. = 34-6592. 

2- pints = 1- quart. qt. = 69-3184. 
4- quarts = 1- gallon, gall. = 2772738. 
2* gallons = 1- peck. pk. = 554*5477. 

4- pecks = 1- bushel, bu. = 2218-1908. 
8' bushels = T quarter, qr. = 17745*5266. 

5- quarters = 1- load. lo. = 88727*63. 

3- bushels == 1* sack I f i *^* 
12* sacks = 1* chaldron) ' ch. 

• Note to Teacher. The permanent furniture of every elementary 
school should include the following articles, the frequent examination of 
which, by sight and touch, will secure the pupil's reception of the precise 
ideas conveyed hy the names of those Units of Comparison. 

I. A complete set of Imperial Measures and Weights. 

II. A series of diagrams, (on the wall, or on hoards,) shewing the exact size 
of the superficial inch, prime, foot, and yard. The sides of these diagrams 
will exhibit the lineal measures bearing the same names. 

TTT- A solid foot, prime, and second, (all of wood,) with their several surfaces 
scored in superficial inches. 

IV. A set of, at least. 350* separate cubic inches, also of wood. With these, 
enbes can be built, up to the cube of seven, 

T. A wooden cube, 10' ins., and another 8* ins. in the edge. By grouping a 
sufficient number of the cubic inches around these two, respectively, the 
cabes of 9* and of 11* may be constructed ; completing the series of the first 
12' cnbes. 

The cubic inches may occasionally be taken to represent cubic feet or cubic 
yards, and thus the contents of solids of various dimensions may be experi- 
mentaUy ascertained or exhibited. Various devices for turning these things 
to profitable accoiint will suggest themselves. 
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3^- gallonj of beer = !• barrcL far. 

63' gallooa of wine = I* Ka^aead. AiiL 

2- khds. or 126* gals. = I* pipe. pL 

2' pipes, or 252 • gala. = 1* nm. T. 

lYr zallon* oif "ihi.^ Imp^iriAl measnre are equal :o l'2i>- oil wine 

jaIIoo.^, or to '.^-0 old ale zaEons, or lo l'j:)*I-3 gallonsw qU dry 

Thr olii - Winchester ■• boshd. is eqrxal to 7-7336 TTttpar^I 

gaUijcs. or to ">i'J4 Imperii basheis. 

iL apothecaries'' fluid acEAsraK. 

1' dTiid minim, marked m = tlt?45 cobxc indies. 

^> 3nid minima = I- liram, „ 5 = -27«>i ^ ^ 

s- drun.^ = 1* ounce, „ 5 = -'1^*52 «. „ 

1«- ounc^- = 1- pint, ^ o = :3-A-*?oi« „ „ 

^!' piRt.-* = 1- gall'Xi - gaL = •277-i73S ^ „ 

Th€: word) ^dram" and ^ounetf** have, here, no reteenee to 
weij^ht. 



The Act of Parliament '18- and 19* Vict. cap. 72') nUck 
re'eatabli^hes the Imperial Yard and Gallon, farther de- 
clares the weight of the mass of platinum, marked ^ P. S. 
1844% 1' lb.," deposited in the office of the Excheqaer, 
to be the le^l and genuine Standard Measure of weight, 
and the Imperial Standard pound Avoirdupois, from which 
all our Units of Weight are to be derived. 

The Act of 1S24' provided that in case of the loss or 
defacement of this Standard it should be restored by 
reference to the weight of a cubic inch of distilled water, 
at a temperature of 62*^ of Fahrenheit's thermometer, 
and exposed to a pressure of air sufficient to raise the 
mercury in the barometer to 30* inches.* 

'001 of a cubic foot of distilled water, weighed under 
these conditions,! weighs I* ounce Avoirdupois, which is 
equal to 437^ grains. A cubic foot of water (as above) 
weighs 62-5 lb. Avoirdupob or 1000- ounces. 

1' lb. Avoirdupois = 7000* graitu, 
1* lb. Troy = 5760* grains. 

* If the water were colder or the pressare greater, the same bulk, being 
comprejised, woald contain a greater namber of particles, and would, in c<m- 
seqoc^nce, weigh h^^arier. 

•f Note to Teacher. Beside the Standard Imperial Yard and Pound, 
which are kept in the Excheqaer OflSce, there are foor aathorized copies of 
each, deposited, one of each respectiyely, 

L At the Boyal Mint. 

II. With the Boyal Society of London. 

m. At the Rovid Obserratory, Greenwich. 

IV. In the New Palace at Westminster. 

The Act, 18- and 19- Vict. cap. 7S*, proyides that the Standard shallbe ie> 
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I. TROT WEIGHT. 



This weight is said to have received its name from the city of 
Troyes, in France. 

It is employed for weighing gold, silver, and precious stones, 
and in philosophical experiments. 

24* grains (yr.) = 1* pennyweight. dwt, 

20' pennyweights = 1* ounce. oz, 

12* ounces = 1' pound. ib,* 

•8 of a Troy grain = 1* diamond grain, di, gr, 

4' diamond grains = 1' diamond carat. 

Gold, being too soft to be worked up alone, is combined, for 
manufacturing or coining, with alloy, composed of silver or copper, 
or both. 

A Carat of Gold is one twenty -fourth part of any mass con- 
taining that metal. When the whole is pure it is said to be " 24* 
carats fine ; " when ff are pure, and ^V is alloy, the mass is '* 23* 
carats fine,** and so on. 

Manufactured articles partly composed of gold are tested at 
Goldsmiths' Hall, London, and, if found to contain not less than 
^ of their weight of gold, are stamped vrith their number of 
carats fine. 

II. apothecaries' weight. 

This weight is employed only in dispensing drugs. The pound, 
canoe, and grain are the same as in Troy Weight. 

20* grains = 1* scruple. 9 

3* scruples = 1* dram. 3 

8* drams = 1* ounce. 5 

12* ounces = 1* pound, lb. 

III. AVOIRDUPOIS weight. 

The name of this weight is derived from three French words, 
"Avoir du poids," signifying ^' To have weight" Avoirdupois 
weight is used for all articles sold by weight, except those men- 
tioned under Troy and Apothecaries' Weights. It is sometimes 
called Grocers' Weight. 

16* drams {dr.) = 1* ounce. oz, 

16* ounces = 1* pound. Ih, 

14* pounds = 1* stone. at, 

28* pounds = 1* quarter. qr, 

4* quarters, or 112- lb. = 1* hundred- weight, ctot 
20' hundred- weights = 1* ton. T, 

stored when necessary, by reference to any one of these, at certain specified 
temperatures, instead of to the Pendulam : " Becaase," (as the preamble of 
ibis Act states,) " by the researches of scientific men doubts were thrown on 
the accuracy of the methods provided by the " previous Act " for the restora- 
tion of the Standcurd." The latter Act, however, prescribes no other method 
for the restoration of the Standard, in the event ottM authorized copies of it 

lMlllglO«t 

Q 
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MONEY-VJLLUE. 



The common stone of 14' lb. is called a stone *' horseman's 
weight." 8* lb. = 1* stone of butcher's meat. 

••• 1- lb. Troy = 5760- grs. while 1- lb. Avoir. = TOGO- gn, 
.'. 1- U). Avoir. = 1- lb. Troy + 1240* grs. 

And 144- lb. Avoir. = 175- lb. Troy. 

And 192* oz. Avoir. = 175* oz, Troy. 

VII. M0NEY-VALT7E. 

The natural or intrinsic value of a coin depends on the weight 
and fineness of the metals composing it. 

There are twelve sorts of sterling coins at present current in the 
British Islands ; three of copper, namely, the farthing, Jialjpenny, 
and penny ; seven of silver, namely, the three-penny -piece, groat, 
sixpence, shilling, florin, half-crown, and crown; and two of gold, 
that is to say, the half-sovereign, and the sovereign or pound. 

These are all our legal Coins of Exchange. The ^*' Coins of 
Account*" are five: the pound, shilling^ penny, halfpenny and 
farthing. 

I. COINS OF ACCOUNT AND EXCHANGE. 



2- 


farthings = 1* halfpenny. 


4- 


farthings — 1' penny, d. 




duett, fff9m 


12- 


pence = 1- shilling, s. weighing 3* 16^. 


20- 


shillings = 1* pound. £ „ 5* 3*2744. 




11. COINS OF EXCHANGE ONLY. 


3-d. = 


= A threepenny-piece. 


2-s. 6'd. or SO'd. = 1" half-crown. 


4-d. = 


= A groat. 


5's. or 60'd. = !• crown. 


0-d. = 


= A sixpenny-piece. 


10-s. or 130-d. = 1- half-sovereign. 


2*8. = 


= 1- florin. 


• 




HI. NOMINAL AND OBSOLETE COINS. 


21-s. = 


: 1- guinea. 


36's. = L* Joannes. 


27-s. = 


: I- moidore. 


13's. 4'd. = 1* merk. 




TRIANGULAR TABLE OF CURRENT COINS. 


farth. 


halfp. 


2-- 


1; a. 


4-- 


2'= 1' threepB. 


12-- 


6-" 3- 1- ^. 


16-- 


8-= 4- li- 1- ^, 


24-- 


12- 6-= 2-- 1^- 1- .. 


48-- 


24- 12- 4-- 3-=. 2-- 1- ,„^ 


96-- 


48- 24- 8-- 6-= 4- 2-= 1- ^.^ 


120-= 


60- 30-10-= 7^- 5- ^-\\'\-^ 


240-- 


120- 60- 20- -15- -10- 5-- 2|.-2-l-,rf.^ 


480-= 


240- 120- 40- = 30- - 20- 10- - 6- - 4- 2- 1- i. 


960-= 


480- 240- 80- - 6 


0- - 40-- 20- =10- - 8-- 4-- 2--1' 



The d, naming pence stands for the Latin word denarii, of whick 



ALiaUOI 7AETS. 183 

the KiDgoIar is demniiiB, a penny. JS. represenls the word Libra, 
& pound, or Librie powuU. 

The letters lb. o&o represent "libra" or " librte." It is improper 
to TTiu lbs., because the plural do<!s uot end in s., bot in m. 

FaitbingB are bIwhjs wrillen as Fractions ot B pennj. Thns 
fonrpeaoe three futhiDgs are written Ifd. Fivepence balfpeDn;, 
thus; bid.; bat &aclioDB of a fartliing hare the letter q, placed 
oier them, repreeendng tbe Latin word "quadram," the Jburth 

Vm. ALIftUOT PASTS. 
An Aliquot part of any Quantity is a Fraction of it, 
which has 1 for its Numerator. 



TABLES 07 ALIQUOT FAKIS 




I. Of ,£!■ 


11. Of a croBii 


IV. Of a ion. 


VII. Ofl-lb.Av. 


a- B- = t 


U)-* u'^' = i 


»■ = ! 


6- a-=i 


1- 8- = i 


-I- 0- =1 


J:} 


6- 0- =i 

4- 0-^i 


1- a- = 


1- 0- = 


a- 3' =^1 


i=At 


8- 4- =♦ 


1(V = 


a- 0' =A 






2- fl-=i 


'i = 




VIII. Ofabush. 


■ 2- 0- =is 


o'= ff 


I- 0- =A 


a-pe. =1 


1- 8-=S 






I-pe. =i 


1- 4-=iV 






l'gal. = ii 


1- 3= A 


ai=TV 




a-qlB. =,V 




1- ty=-Ar 




V. Of n owt. 


I'qt. =A 


lir=^ 


21= A 




I'pt. =A 




a-=A 


oe- =i 






TJ = A 


i)=A 


?«■=! 


IX. OtagalloD. 




ii=A 


]1' =f 


a- qts. = i 




i-=»V 


":4 

1- =Vr 


I'pt. =i 


4-= A 


f=^ 


8i = A 


*=3b 


M'Bi. =A 


i,:i 


l--yiB 


t::S 


1-gi. -A 






3' =yiB 
11 = T*IF 


m. OfasliilDg. 


VI. Of A qr. At 


X. Of an acre. 
■i-T. = i 


li=Tfe 


e- =j 


li' = 


Ir. =1 


l-=irio 


4-=i 


ao-p. = 4 


*=»io 




il 


1B-P. = A 


i=j1hl 


2- =i 


'«'^-^i 


l=llll 


'iil 


a'p.=A 
&-p. = A 








ap. = A 




i=A 




i-p. = ,Ja 



Onlf the first three of the aboie tables are com^UXib. 



8-1 EEDrCTlON. CHAKOE OF UNIT. 



i 



BEDTTOnON OF CONOBETB aUANTlTUS, 

Reduction, in Atithmelic, is the changing of the form 
and denomination of a quantity without altering its abao- 
lute value. 

By meana of Reduction any Concrete Quantity may be 
expressed in terms of cither greater or smaller vmits of 
the same kind. 

Ue!ii<euJing fieiluctioD uxprexAes a qaautitj in n lower Dane. 
Ascending Reduction eiprt?8sps n quantitj in n tii^her name. 

Descending Reduotion is effected bj MuliiplicBiioti ; Asoending 
Bedoclion, by DiviBion, 

DESCENDING REDUCTION. 

To Seduce any Concrete Qiuinlily Co wtiU of a louier 
denomination. 

Multiply by the number of smaller units which make 
one of the greater, adding in with the Product any of the 
smaller units which may be given. 

FmaT Example worked out. IsTEOEHa of Monet- 
VaniB. Reduce X164- 3-b. 4Jd. to farthings. 

£. s. d. Here, we multiplj l3l8 

464- 3- 4* f464- bj 20; (beenoie 

* SOB. = £l-)and«ddin, 

20- as we proteed. the odd 

3-.. 

9283- tkiUings in £464" S's. We neit muliiplj the 

,„, 0283-8. ty la-, (bsMUSe 

12-d. = 1-..I and ndd in 

inm- pence in £iBi- 3-s. id. "^I^ifte n>ultiplj 
4- tlie in400-d. by i; 
(becanse 1- fartLJngs 

445603- /<"■""'"?» '" £-*64- 3's. 4|d. ^ '"^"l ""^ ^^^ '" ^^ 

TBB IMPLICIT CHANGE OF DNIT. 

Thifl GiBinple suggeiit-i nn important remark, for it appareotl; 
contradicts what we have repealudly affirmed of tbn nature of Mall^ 
plication, namely, Ibat tt is nothing more tlian repetitinn. Now, 
no amount of mere repetition can change the nature of ■ Concrete 
Unit. Hence, the Product n!in>'t of necessity be of the same land 
as the Multiplicand. Conseqaently, tbe repeating of illtll- twenty 
timee could only produce I'D^SO- and not QliBD' ihilKn^it, as staUd 
above. The face ia, that onu essendal step in tbe fDregoing proceBS 
is conaealed, being perloroied altogether mentally. This concealed 
step is tlje changing of the £401- into 164'i., wbicb 4lt4-(. being 
repealed 3(1- times give BSHn-ii., a result preciaelj the same as we 
should derive from multiplying aOs. by 4M (Pbinoiple wi.) 

Similarly, there is an implied change of the 8263^. inia p/net, 
preiiously to multiplying bj 13'; and then a change of the llliUO* 
1 j^enee '">" ' 'liOO' fanhingt, hefore multiplying by 4-. 
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If, in the first stage of the above Bednction, we consider the 
20'«. as the Multiplicand, fby Principle yi.) the j£464' most still 
be changed into 464* units representing the number of repetitions 
that must be made of the 20*8., for it is impossible to multiply by 
pounds. (See p. 149*.) 

The implicit or concealed change of Unit occurs in many pro- 
cesses involving Concrete Quantities, and we shall frequently have 
to call attention to it; for, if it be lost sight of, those processes 
become inexplicable. 

It is from this *' Implicit change of Unit" that the sign of 
Numerical Coincidence (=) becomes necessary. (See Page 103*) 

EXERCISE LXXXIII. 

EXAMPLES IN DESCENDING REDUCTION OF INTEGERS. 

Each Example marked with an asterisk may be worked in one line. 

A. 
In j£d46825* how many shillings, pence, and farthings ? 
In 8642* moidores how many guineas? {Multiply by If.) 
In 84356* guineas how many halfpence ? 
Reduce 7845* guineas to crowns. (Multiply by 4^.) 
Reduce 543625* half-crowns to shillings. {Multiply by 2).) 
In 40000* merks how many shillings? (Multiply by 13^.) 
Express in cms., half-cms., flors., shillings, & sixpences, j£4356* 



1- 

2* 
8- 
4- 
5- 
6- 
7- 
8* 
0- 
lo- 
ll- 
12* 
13* 
14* 
15* 
16- 
17- 
18- 
19- 
20- 
21- 
22- 
23- 
24* 
25* 
26* 
27- 
28* 
29- 
80* 
31* 
32- 
33- 
34- 
35* 
36- 
37- 



Reduce £ 

Reduce £ 

Reduce £ 

Reduce £ 

Reduce £ 

Reduce 

Reduce 

Reduce 

Reduce 

Reduce 

Reduce 

Reduce 

Reduce 

Reduce 

Reduce 

Reduce 

Reduce 



4638* 

8500* 

1715* 

9452* 

4105* 

6419* 

9516* 

3765* 

1518* 

9542* 

3654* 

2148* 

£ 3541- 

je 4218* 

£ 7354* 

£34186* 

£53001* 



£ 
£ 
£ 
£ 
£ 
£ 
£ 



Reduce £27654* 
Reduce £95438* 
Reduce £31427* 
Reduce £94216* 
Reduce £21345* 
Reduce £75642* 
Reduce £54316* 
Reduce £63142* 
Reduce £47654* 
Reduce £35628* 
Reduce £43156* 
Reduce £61584* 
Reduce £73619* 



11*8. 4id. to farthings. 

4*s. 6*d. to sixpences.* 

8's. 9*d. to threepences.* 

6*s. lO'd. to twopences.* 

14*s. 6^d. to halfpence. 

18*s. O'd. to florins.* 

15*s. O'd. to crowns.* 

12's. 6'd. to half-crowns.* (Add in 5*) 

10*s. O'd. to half-sovereigns.* 

ll'S. 0*d. to florins.* 

12'S. 6'd. to florins.* 

12*s. O'd. to half-sovereigns.* 

12*s. 9'd. to half-crowns.* {Add in b^f^) 

13*s. 9'd. to half-crowns.* {Add in 5^) 

ll'S. 3*d. to half-crowns.* 

ll*s. 4'd. to sixpences.* (AddinZ^i) 

8s. 4'd. to threepences.* {Add in 33i) 

12's. 2'd. to threepences.* 

I'S. 4}d. to halfpence. 

14*8. 6*d. to crowns.* 

6"s. 3'd. to florins.* 

lO's. 7^d. to half-crowns.* 

lO's. 8*d. to twopences.* 

19s. • 4id. to half-pence. 

5*s. llfd. to farthings. 

8's. 4'd. to shillings.* 

ll*s. l^d. to shillings.* 

4*s. 2*d. to florins.* 

13*s. I'd. to sixpences.* 

15*s. 8'd. to shillings.* 
q3 



(Adding) 



nxacxNoiNG kesuction or ikteoibs. 



Bedaoe 


3- toDB to 01. 


■ Itodnoe 


14- tODH, 17' owts. to lb. 


Bedace 


IB' toua, 3- QTS. to dnt. 


Eednce 


19' c»tH. 4- oz. to dra. 


Bedace 


I3-cwla.8-qra. 17-lb.,e-£.z.tooj!. 


Reduce 




BedDce 


61 lb. to oz., knd 17i oz. to drs. 


■ Bednce 


]+ qr. to lb., and llf lb. to oz. 


Bedoce 


4i ions to qr., and llj cwt. to lb. 


Rednce 




• Bedace 


14' tons, 9- qrs. 11- lb. i- oz. to lb. 


Beduce 


16' tons, 2' qra. 14- lb. to qrs. 


• Bedace 


2- tons, 1- qr. la- lb. to SWncB. 


Reduce 


9- toos, 7- lb. 12- oz. to lb. 


■Reduce 


8- qrs., 11- lb, to qra. 


Reduce 


2- qrs. 5- lb. 1- oz. 3- dps. to drama. 


BedDce 


ll-cwts.8-oz.tolb. 


- Beduce 


le- cwls. 7- lb., 4- drs. to oz. 


Beduce 


361' tons, U' cwts. 0- oz. to lb. 


Bedace 


45- tons, a- owta. to half-lb. 


Bedoce 


0. 
1- lb. Troj to dwts. and grs. 


Reduce 


4-lb. 3'oz., 14'dwta. togra. 


Bedace 


4- lb. Apoth. to gra. 


Beduce 


7-lb.6'5,7-5 to9. 


Reduce 


fi- lb. to dwts., and 14- lb. Apoth, to gn. 


Beduce 


7- miles, 3- far. to inches. 


lleduce 


11' miles, 6' fur. 38- poles to jards. 


Rednce 


3a- miles, 4- fur. to chains. 


Reduce 


7- leagues to links. 


Reduce 


li mile to jards and to links. 


Bedace 


6J feet to bands. 


Beduce Half b mile 1o ]u,g:A. 


Bedace (i4Slt- liulis toincliea. 


Rednce 


2l)i miles to chains and feet. 


Bedace 


18' jardH to nails. 


Reduce 


4i yards to inches. 


Reduce 


3i yards to inches. 


Reduce 


7- yards, 2- qrs. 1' nail to yatits. 


Reduce 


13-yard3, IJqrs. tojatda. 


Reduce 


Bi' yard«. 8- qrs^ 3- n. to nails. 


Reduce 


14- Fl. E. to nails. 


Redace 


S3. E. E., 4- qrs. to inches. 


Beduce 


84- Ft. E. lijd. toqrs. 


Beduce 


18- Scotch Ells to inches. 


Express 


n terms of 1- yard, "A yard and a half and 




Express 


34- snp. yds. in inches. 


■ Express 


11' square poles in ft. and inches. 


■ Express 


SS- acres in sq. yds. and incbee. 


■ ExpresB 


3- acres in sup. feet. 
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SO* Express 8* sq. miles in sup. yds. 

81* Express 14* sq. miles in sap. chains. 

32* Express 17* ac. 3* r. 32- po. in sq. links. 

33' Bedace 18* sq. miles to sup. poles. 

34' Reduce 1* ac. to sup. ft and inches. 

35* Beduce 349* sup. yds. Qi sup. ft. to seconds. 

36* Beduce 429^ sq. yds. to sup. inches. 

87* Reduce 9* cu. ft. 3*' 9*" 7*'" to ins. 

38* Reduce 14* galls, to cub. ins. 

89* Reduce 87- cu. yds. 9'" to thirds. 

40* In 8- qrs. 5* bu. 3* pks. 1- gall. 3* qts. ] • pt. how many pints ? 

41* In 35* qrs. 7* bu. 3* pks. how many pecks? 

42* Reduce 14* loads 3' qrs. 5* bu. to qrs. 

43* In 95* galls. 3* pints, how many gills ? 

44* In 435- qrs. 7* bush. 1* gall. 2* pints, how many gallons? 

45* Reduce 1 1* weeks to hours, minutes and seconds. 

46* In 8* solar years, how many seconds ? 

47* Reduce to the triangular form each of the Tables of Concrete 

Units of Comparison, excepting the Money Table. (See 

Page 182) 

D. 

ELA.ST EXAMPLES, WHICH MAT BE WORKED MENTALLY.* 

I* How many twopenny loaves may be bought for l*s. ; l*s. 3'd. ; 

l*s. 9*d.; 2-s.; 7^.; ^'s. 3*d.; 6*s.; 8*s. C'd.; lO's.; lO's. 6-d.; 

11-s. 3d.; 12-8. 9*d.; 18-s. 4H? 
2* How many threepenny, fourpenny, or sixpenny, loaves for each 

of those amounts ? 
8* How many groats are equivalent to 4*s.; 5's. 8'd.; 6*s. 4'd. ; 

3*8. 2-d. ; 6*s. 1-d.; 15*s. 9-d.; 8*8. 5*d.; 6-s. 7*d.; 2*8. 7*d.; 

ll-d.; 7d.; 6-d.; 8Jd.; ^5*; Je20*; jeiOO? 
4* How many lb. beef at 4*d. will cost lO's.; 7*s. ; 5*8. 8*d.; ll*d. ; 

6-d.; 2-s. 6-d.; 4*s. 1-d.; 3-s. 4-d.; ll-s. 6-d.; Ts. 8-d.; 

2*8. lO-d.; 5-s. 7-d.; £!•; £9.' lOs.? 
6* If a cap cost balf-a-crown, bow many such will cost £1*; J64*; 

10-8.; 7-8. 6d.; 12-s. 6d.; 15-s.; 17s. 6-d.; ^3* lO-s.; 

£5* 12-8. 6*d.; i:3* 2-8. 6-d.; £100-? 
6* At a wage of a florin per day, how many days will a man be 

earning JglO-; £^'; 10s.; £S' 5*s.; £7- lO-s.; 1-s. 6*d.; 

2-8. 6*d.; 8-s. 4d.; £6* 6s.; ^22*16-8.; ^50? 
7* Supposing oranges to be making three -halfpence each, what 

number may be purchased for l-s.; 2-s.; 3-8.; 4*s. 6-d.; 

5-8. 3-d.; 6*8. 6*d.; 4Jd.; 7id.; 9d.; lOid.; 7-s. 7id.; 

10-8. 6*d.; £3-; ^1* 5-8.; £^' lO-s.; 15-s.; iVs. 6*d.? 

• Note to Teacheb. Examples like these, so simple as to be easily solved men- 
tally, are the best calculated, at once, to elttcidate the true nature, and to exhibit 
the practical utility of the processes which they involve. Oar limits restrict ns 
to a few specimen questions of this kind, bat their number may be augmented 
and their character varied in proportion to the intellectual exigencies uf the 
learner. A directly beneficial result of such examples is the familiarity with 
.the tables which they produce. No barm will be done by occasionally antici- 
pating a little, in these mental exercises, the necessarily systematic arrange^ 
ment of this work. The necessity thus imposed on the pupil to strike out 
his own path, by the light of Principles already inculcated, will tend mai/t- 
rially to develope mental vigour and enterprise. 
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8* Eggs being sold at the rate of two for threehalfpenoe, how 

many are worth 6*d.; 9'd.; Ts.; l*s. 6'd.; 2*8. 6*d.; 8*8. 8*d.; 

8-8. 7Jd.; 10*8. 6*d.; £17 
9* How many 2* oz. packets of tobacco can be weighed ont from 

Mb.; 4-lb.; 8-lb. 6*oz.; 74lb.; 5ilb.; llflb.; 16*lb.; 

4f lb. ; 7f lb. ; 13J lb. ; I* qr. ; 6* lb. 13* oz. ? 
10* At the rate of 7* for 6*d., how many pears will cost 5*8.; 4*8.; 

8-s. 6d.; £1*; £2* IDs.; £5* 5*8.; 14*8.; ll*s. 3*d.; 4*8. 9^.; 

30-8.; 30d.; 1* crown? 
11* How many **half quarters (of a lb.) of tea" may be obtained 

from 8* oz. ; 12* oz. ; 3' lb. ; 4^ lb. ; 4* lb. 4* oz. ; ^ lb. ; 2* oz. ; 

10* oz.; l*lb. 6*oz.; 4ilb.? 
12* Herrings at 5* for 2*d., how many may be bought for 4*d. ; C'd. ; 

8'd.; lO'd.; l*s. ; 2*s.; 3*s. 4'd.; 100*d. ; half- a- crown; a 

florin; £1*? 
13' How many lb. of 'five-shilling tea* may be purchased for £1*; 

£4*; £7* 10*8.; £3* 15*8.; 2*s. 6*d.; 7*s. 6d.; l*s.; 2*s.; 3*8.; 

4*8.; 6*8.; 1-s. 3-d.; 3*8. 9*d.; £20*; £50*; 16*8.; 12*8. 6*d.; 

7Jd.; 3fd.; 6*8. 3*d.; 17*s. 6*d.? 
14' How many pint bottles of wine can be filled from I'gal.; 

3* gal. ; 1' qt ; 14* gal. ; 12^ gal. ; 1' hhd. ; 1* pipe ; 1* ton; 

7*qts. 3*gi.; 19|qts.? 
15* How many pints of peas in l*peck; 4* p.; 7* p.; 4*gal.; 

2* gal. l-qt? 
16' How many half pints of beer can be drawn from I'bar.; 

14* gal. ; 7^ gal.; ^ bar.; 1^ bar.; 2* bar.; |bar.; 15* gd.; 

8i gal. ; 13* qts. 1* pi. ? 
17* Out of a bushel and a half of beans, how many horses can 

have a feed of 2' qts. each ? 
18' How many hands high is a horse whose stature is 5* ft. 4* in.? 
19* In 3* furlongs how many paces ? How many inches in a fathom? 
20' How many cubic inches of water in 100' gal. ? (Pbinciplb Tm.) 

DESCENDING REDUCTION OP FRACTIONS. 

Concrete Fractions are reduced to lower denominations 
precisely as Concrete Integers are. 

Second Example worked out. Express J^^hf ^ 
terms of a shilling, and also in terms of a penny. 

That is to say, '* Keduce £ji^ to shillings and pence." 

£jh! = T^T of 20- = ^ X 20- = iof a ihiUing. 
But, | = i of 12- = |x 12-= 4- = lOi, 

d, 

•'• ^T^ = |- of a shilling, or = 10 J. 

In the work of this Example there are two changes of Unit. 
First, iSyfe are changed into rJ^y of a shilling; and, second, J of a 
shilling are changed into i of a penny. 

Third Example worked out. Find the value of 

-mu of a Ton. 

That is to say, " Beduce ^^ of a ton to cwts. qrs. lb., &c." 
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Ton. ewts. act. ewL 

A^ = Aiyir of 20- = ;,f^ X 20- = ^ = 1^ curt. 

cwt. qrH. qr. qr, qrs. 

But, ^ = ^ of 4- = ^x 4-= J^ =2| 

qr. lb. lb. lb. lb. lb. oz. 

Again, f = f of 28- = fx 28-= -2^ = 101=10- 8- 

Ton. cwt. qrs. lb. oz. 

:. :^^=V 2- 10- 8- 

Fourth Example worked out. To what fraction of 
a groat is X^^ equivalent ? 

To ascertain this, " Reduce Xyfe to groats." 

60* groats = £1' 
gru 

•'• ^TFiT = xirr 0^ ^^' 9'^^^ = xiir x 60- = f of a groat. 

EXERCISE LXXXIV. 

examples in descending reduction op vulgar 

fractions. 

1* Express £>^iis in terms of a shilling. 

2* Reduce -i^ of a guinea to the fraction of a shilling. 

fS' Beduce i^ to the fr. of a crown ; and £^ to the &. of half a 
crown. 

4* What part of a superficial foot are ^ of a superficial yard? 

6- What part of 1' lb. = -rhis of a Ton ? 

6* What fraction of 1* oz. = ttots of I'cwt.? 

?• Express -^k^ of 1* lb. in terms of a dram. 

8* Reduce Tsfeff of a mile to the fraction of a yard. 

9* Reduce yg'biy of an hour to the fraction of a second. 
10* What fraction of a cubic foot are H of a cubic yard ? 
11' What fraction of a gill are tW of a gallon ? 
12* What fraction of a day are A" of a week ? 
13* What fraction of a lineal inch are xfr of a Scotch Ell? 
14* What fraction of a groat are i^ of a florin ? 
15* What fraction of a pint is -g^f of a peck ? 
16* What fraction of a scruple is t^ of 1* lb. ? 
17- What fraction of an E. Ell are f of a Fr. Ell? 
18* What fraction of a nail are ^- of a yard? 
19* What fraction of a perch is 4^^ of an acre ? 
20* What fraction of £!• are ^ of a guinea? 
21' What fraction of !• peck are ^ of a bushel ? 
22- Beduce to shillings, &c. JEM^; ^A; ^A; ^A; £\\ £i\ ^f 

Fifid the value of each of the following Fractions, 

23' Of a cwt; h h if, M, If, If If, im. fl^f, ^?ft. 

24- Of Jb'l- ; f , I, Ve-, A, A, 1^, A, «, «, «, A, 1^, i*, tt. 

25- Of a shilling ; f . f , i, A, A, ^, A, H, ih U. A, H , H- 

26- Of a guinea; *, f, f, h H, i*, A, «, M, ih M, 1^, f*. 

27- Of a lb. Troy ; f , |, «, H. 4«, «f , ft, «, ft, M, ft, «*, ii*. 

28- Of a mUe ; iJ, ifJJ, A, HU, M, ifiAfe, H, tt%, tm, -m^- 
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29- Of an acre ; J, «, i», *. i*, If, «, », IM, *i, U, 1*, »• 

30- Of a common year ; H, *H, iftWy, i, «, TMJWfir, A%, M- 

31- Of a gallon ; if, H, i. fi, «• H, «*, iV, **. Hi- 

32- Of a lineal yard; h tV, i, A. "H, ti. H, ft i Hi^ A» it- 

33- Of a moidore ; it, Itt, iti, ti, H, AV, t. ih Uh HH- 

34- Of a crown ; h ih ih ft, U, iV, t, H, «. t*, «, fi- 

35- Of a square mile; iWe, i¥AV, iJ", H, t, 4i!H??ih ' 

36- Of a cubic yard ; HiH, H, *, ih iVif, H- 

37- Of a pound Apoth. ; it« H* ii. tH- 

38- Of an Eng. Ell; it, VW, ti, H, *» t> ti, H- 

39- Of a lineal chain; h ih iH. iH, Hh A, H- 

40- Of a tun; A^, «, Hit, iiSt, t, A-, t, A, it- 

41- Of a bushel; ti. iti, A, ii, iit, A, ii, h «-. 

42- Of a ton; HU, iUi. h h h A, H, if, !*• 

43- Of a hogshead; lti, tMi, tif , itt, h t, A", A- 

DESCENDING REDUCTION OF DECIMAL FRACTIONS. 

Concrete Decimals, like all other Concrete Fractions, 
are reduced to lower denominations precisely as Concrete 
Integers are. 

Fifth Example worked out. Reduce '9 of £!• to 
shillings. 

Example completed. 
£. 

Here, as before, we implicitly change the '9 of 
20* £1- into -9 of !•«., and then multiply by 20- be- 

^ ^ cause 20*«. = J£l" 

18* shillings. 

Sixth Example woeked out. Find the value of 
£•928125. 

Example completed. 
£. 

•928125 

20- 



, . ^^^^ , .„. . ^^^^^^ Observe, that we only re- 

18-5625 shillings m -928125 duce the Decimate, the units 

12* in each line being of the re- 

-— -- . •• quired denomination. There 

6-75 joewce in *5625 are, of course, three im- 

4* plicit changes of unit in 

d. this Example. 



Z' farthings in *75 



^£•928125 == 18* 6f. 



DESCENDING BEDT7CTI0N OF DECIMALS. 



191 



Seventh Example wobksd out. Find the value 
of -279296875 of a ctvt. 

Example completed. 

•279296876 
4- 

1-1171875 qr. in -279296875 
4- 



flr. 



•46875 of 7/S. in -1171875 



qr. 



3-28125 lb. in -1171875 
16- 

— — lb, 

4-5 02, in '28125 
16- 



The 7' and 4* are em- 
ployed as Factors of the 
Composite Multiplier 28* 
Pbinciple XI. 



Of. 



8- drs, in -5 

gr. tb. o». drt. 

-. -279296875 of a ctr^. = 1- 3- 4- 8- 



EXERCISE LXXXV. 
EXAMPLES IN DESCENDING REDUCTION OF DECIMALS. 

•025 of £\' 
*575 of a lin, yd, 
*0525 of an hwir, 
-15625 of a day, 
•83125 of an acre. 
•0625 of a guinea, 
•37890625 of a Zin. mild. 
•034375 of Jgl- 
•0166015625 of aZin.mi. 
•7578125 of a cwt, 
•3765625 of a Ih, troy, 
•61328125 of a qr, cap. 
•56875 of an acre, 
•984375 of a bushel. 
•0859375 of a tun. 
•125 of a cubic yard, 
•0212890625 of a «g. mi. 
•0003125 of a week. 

To find the value of an Interminate Decimal of any 
Concrete Quantity. 

First. Reduce the Interminate Decimal to its Equiva- 
lent Vulgar Fraction. (Exeecise lxxiii. Page 143*) 

Second. Find the value of this Fraction. (Exebcise 
Page 189-) 



Find the value 






1- 


Of •659375 of £1- 


19- 


• Of 


2' 


' Of -5625 of l-«. 


20 


• Of 


8 


Of ^875 of a cwt. 


21 


• Of 


4' 


Of ^475 of a miU, 


22 


• Of 


5- 


Of ^6875 of a lin. yd. 


23 


' Of 


6' 


Of -56875 of ^1- 


24 


Of 


7- 


Of •48125of £!• 


25" 


' Of 


8' 


Of -04875 of £1- 


26 


• Of 


9- 


Of ^040625 of Jei- 


27' 


- Of 


lo- 


Of ^6875 of !• 8. 


28- 


Of 


ll- 


Of •1875 of a crown. 


29' 


Of 


12- 


Of -626 of a moidore. 


30- 


Of 


18- 


Of •Ol 5625 of A cwt. 


31' 


Of 


14- 


Of •0078125 of a cwt. 


32- 


Of 


15- 


Of -4453125 of a lin, mile. 


33' 


Of 


16- 


Of -53125 of a cwt. 


34- 


Of 


17- 


Of -021875 of ^1^ 


35- 


Of 


18- 


Of -8125 of 1-8, 


86' 


Of 
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FiKST Example worked out. What is the value of 
•476190 of a bushel? 

btuh. bush, btuh. pk. gal. qt. pL gUL 

'i76l9b = miU = ^=^' 1- 3- 0- l^ 
Second Example wobked out. Find the value of 
£•7083 

£. £. £. 8. d. 

•7083 = f^ = ^ = U- 2- 

EXERCISE LXXXV. (continued.) 
Find the value 

87- Of -02083 of a shilling, 4A- Of -2732954 of a miU. 

38- Of -26 of £1- 45- Of -6697916 of a moidore, 

39- Of -5476190 of a guinea. 46- Of -91 of a lb. Tray, 

40- Of -82142857 of a cwt, 47- Of -2142857 of &lb. Avoir. 

41- Of -3053571428 of a ton. 48- Of -158482142857 of a tim. 

42- Of -67857142 of a week. 49- Of -63 of an acre, 

43- Of -072916 of a league. 50- Of -65972 of a yard, 

51- Of -2785493827160 of a square yard. 

52- Of -717399691358024691358 of a cubic yard, 

ASCENDING REDUCTION. 

To Reduce any Concrete Quantity to units of a higher 
Denomination. 

Divide by the number of smaller units which make one 
of the greater. 

First Example worked out. Integers or Monet- 
Value. In 34215' farthings how many pence, shillings, 
and pounds ? 

Example completed. 

4-)34215- farthings. 
12-)8553f pence, 
20')712- shillings^ ^^ pence. 
£35- 12-«. 9fif. 



In Descending Kednction, the change of unit is made before 
Multiplying. (See P. I84-) But in Ascending Bednction, the unit 
is changed after Dividing. In the present Example, by Dividing 
the 34215* farthings by 4* we find that they are equal to 8553f lots 
of four farthings each. (See Pkinciple xsy, P. 99") But each such 
lot being equal in value to one penny, we change the unit, and call 
the 8553f lots of four farthings, 8553f pence. If we were actually 
to exchange any number of farthings for their equivalent in penoe, 
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« 

yre should take these two steps. For, we shonld first count the 
farthings into fours. That is the Division by four. We should 
then exchange each lot of four feurthings for one penny. That is 
the change of unit. 

EXERCISE LXXXVI. 
EXAMPLES IN ASCENDING REDUCTION OF INTEGERS. 

* 

1* In 341603* pence how many groats ? 

2* In 6134298* farthings how many florins ? 

8* How many sixpenny loaves will 64321* farthings buy ? 

4* How many sovereigns in one million groats ? 

6* How many moidores in ten thousand pence ? 

6* Reduce 436140* shillings to guineas, and to crowns. 

7* In 3472601* oz. how many lb. qrs. owts. and tons? 

8- In 4360428* grs. how many lb. Troy? 



Beduee 
0* 42010424* hf. pence to moi. 

10- 2718120* hf. crs. to je. 

11- 4408O20'.farthings to £. 
12* 3084621* dwts. to lb. 
13* 8000' scruples to lb. 
14* 643706* nails to yds. 
10* 34216804* lin. ins. to yds. 
16* 8342160' qrs. to Ells E. 
17- 4316021* qrs. to Ells Fr. 
18* 7218642* qrs. to Ells Fl. 



19' 3421864* sec. to days. 

20* 4381697* hours to weeks. 

21' 948312- pints to galls. 

22* 0841632* galls, to tuns. 

23- 6000498' gills to bushels. 

24' 410848' groats to guineas. 

20* 7349862- grs. to lb. Avoir. 

26* 8431684* cu. ins. to galls. 

27* 714863* threepences to gs. 

28' 614832' lin. ins. to yds. 

Second, Example worked out. Supposing a man to 
step uniformly one yard, how far would he travel in 

1026559- steps? 

We have to reduce 1026009* yds. to miles. 
lin. yds. 

8')1026669- In dividing the half- 

-, xQ.oiofi J 1 /•/ yards by 11* we get a Re- 

Si )342186* yc?«. V/t. mainder of i yds. = 3* 

2' 2- yds. or 3' yds. 1ft. 6* ins. 

v^^^^i,^ T ./. . •« ^ ^« The 1' ft* 6 ins. we add 

11- )684372* half -yds. Page 153- to the 1* ft. previously 

400iiiIF^o.3.y^.2/^6-m.. ^:Zrtfl6"^' *"■ 

8-)1565-/Mr. 15-/?o. 3* yds, 2/^ 6* ins, 

194* mi. 3' fur, 15' po, Syds. 2*/t, 6' ins. 



In the work of this Example there are five Changes of Unit 

Method of Proof Ascending and Descending Re- 
duction being exactly contrary processes, each may be 
employed to test the accuracy of the other. Hence, to 
prove the foregoing work, we must Reduce 194* mi. 3* fur. 
15' po. 8' yds. 2' ft 6* ins. to yards. 
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EXERCISE TiXXXYI. eontinwd. 



BedMf 








39- 413S468 


iJiiBBtopolai. 


87- 68843831 


lines to So, EU* 


30- 7181B33 


inohes to mileB. 


38- 7143a ISOfi 


»ap.in3.to«i;rw. 


31- 9B81fl4385 


inchealoEUsE. 


ay- 84218043 


aiip.ft.tQBq.nii. 


83- 81843817 


sQp.iDs.topolea, 


40- 8ft9486a86 


en.ins. toqra. 


03' 41361013 




11' 74is3eao 


Un. ios. to eha. 


84- eU38643 


Bup.yiIs.toBq.m. 


43' 3a»e43184 


seoouds to fears. 


80- 31863189 


48- 16843186 


grs. to lb. Avoir. 


30- 0M3aj8 


c^' ^ W jds. ■ 


41- 1843076 


ou. ins, to galla. 



1 HEDOOTION OP FRACTIONS. 

Concrete Fractiona are Reduced to higher Denomina- 
tions precisely as Concrete Integera are, namely, by 
Dividing by the number of amaller units nhich make one 
of the greater. 

But, by Principle xvii.. Dividing by this number will 

S reduce the same result (in figures) as Multiplying by its 
Leciprocal. And this Reciprocal will express the Fraclioa 
which the smaller unit is of the greater. 
No. of pence in 1's. = 13'. 

Fiaetion whiuh 1-d. is ot I's. =; ■f^; the Reciprocal of 13'. 
Hence we have the following simple Rule. 
To express a Fraction of any Concrete Unit in temu of 
a hcghei- UwU. 

Multiply given Fraction by the Fraction which the 
smaller unit is of the greater. 

First Exaufle worked out. Express -jV of a penny 
as a Fraction of a shilling, of a half-crown, and of a 
florin. 

First. \.-d. = -^oi I's. 

.-..^of 1-d.^-^off 
j^ of a ahillmg. 



ofl-s.^fs^^{Pms.ix^' 



.-, ^of l-(f, = ^of half a 
= ^oihalfa6rov,n. 



'u,=^-'^(Psis.a.) 



= |JffOf a/= 



Third, l-d.^^ of a florin. 

Jhir. 

= -A- of «■ of a florin, = ^ x ^ (Pans, tt) 
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Sboond EzAMFLi WORKED OUT. What part of a 
moidore are f of a guinea? 

1 • guinea s= -J^ of a moidore. 

moid, 

:. f of a guin. = f of ^ of a moid. = f x |^ (Prin. ix.) 
= 7^ of a moidoi^e. 

Note the change of unit in these Examples. 

Third Example worked out. Reduce |^ of a lineal 
yard to the IVaction of a pole. 

1 • lineal yard = -^ of a pole, = -j^ of a pole. 

.'. f of 1- yd. = ^ of ^ of a pole, = |^ po. x ^ (Prin. 
IX,) = -j^ of a pole. 

Fourth Example worked out. Reduce ^ of a lb. 
to the Fraction of a ton. 

^'^'=-iff0^iof-^ofa ton, 

/.^ of l-;6. = ^ of ^oi ^o{ ^ofaton 



EXERCISE LXXXVII. 

1* Bednce Ulb. to the fraction of a qr. and to the fraction of a 

stone. 
2' Express yf^ gain, as a fraction of a moidore, and of a Joannes. 
8* What fraction of a moidore is equivalent to ^ of ^ of a guinea ? 
4' Keduce 4|d. to the fraction of a shilling, of a groat, and of a 

crown. 
5* What part of a ton are IH 1^*? 

6* Beduce f of 9f oz. to the fraction of a pound Troy. 

±1 
7* In -| of a dram what part of a pound? 

of- 

8* Express in terms of a tun 8f galls. 4- >4 1 galls. 

'-if X 4t 
0* Beduce ^ of £3- 6-s. to the fraction of £1, 
10* Express -^ of 3^ sixpences in terms of a crown. 
II' Express die sum of is, and ^s, in terms of half a guinea. 
12- What fraction of an Ell E. is equivalent to 5f yds. — 3i yds. ? 
13' What part of an hour are 2^ times H of 14*5 seconds 

equsd to ? 
14* Beduce 7f yds. to the fraction of a furlong. 
15* Find what fraction of an acre = 19i times 7^ of a sup. pole. 
16* What portion of a Fl. Ell remains after cutting off llf of ^ 

of a nail ? 
17' Express ''A yard and a half and a half quarter" in Ells E. 
18- What part of a week is f of ^ of 44 days ? 

B 2 
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196 DECIMALS. ^H 

AS0E^'T)1^'G REDUCTION OF SECIHALS. li^H 

To expruss a Sim/ile Concrete Quantity as Decimal of a 
higher unit of the same kind, Pkiboiplk t. 

A Simple Quaotit; contuna □uils fill of tha same magnitnde. 
Page 3(J- 

Divide by the number of the smaller unita which make 
one of the greater, carrying out Guotient in Decimal 
Places. See ExEBCiHE Lviii. Page 110- 

F1B8T ExAUFLB woBKED OUT, Reduoe 9'd. to &e 
Decimal of 1 ' Bhilling. 

This prooesB ie precisaly the sunie *a 

12 ") 9'd. that employed in Aaoendiog Rednolion 

■7'ir.f^.I,;i/:,,„ "^ IntegerB. Dividing ty 12- shews us 

'" V ° s/'"""^' that D-d. = -75 of 13- ptncc; and, .-. by 

change of unit, 9-±= 'T& of a thilMnff. 

To exprees a Compowid Quantity as Decimal of a higher 
unit of the twne kind. Psini!ipi,e y. 

A Oempound Quantity oontains units of varionB mnguitudes, but 
bU of the HBTne kind. Page 86- 

Pirat. Rednce lowest unita to nest higher name, as 
directed above, annexing Quotient to given unita (if any) 
of that higher name. 

Second, llediice the Quantity thus formed to nest 
higher name ; and so on, until the whole is reduced to 
the required denomination. 

It is ooiKeDient la srrangB the different units of given quantity 
in a vertacaJ. column, those of least value being pkoed nppermost. 
The successive Quotients can then be set, oa found, in their pluiM 
beside the units to nhich they belong. 

Secoito Exautle worked out. What Decimal Frac- 
tion of ^l- is equivalent to 18'8. i\A. % 

4'l 2- farthings The work may be proved 

13- 4'S penia = 4Jd. by reversing theproppHa.snd 

20-1 8-375 ihillings = 18-b. iid. finding the vslue of f -OlSTB. 



EXERCISE LXXXVin. 

EXAMPLES IN ABCBKDING KEDUCTIOIJ OP DEOIlt 

Expreti tach of tlie following amoimti at a Decimal of £l4 

>. i. I. d. I. d. g, 

!■ 3- 41 I 4- 1- XH I 7- 12' Dl I 10- 7' 

a- S- 0- &■ 13- 8i fi- IB' llj 11- IB- S( 

3- 11- &i a- 17- 0] I 0- 10- 101 I la- 2- 11 



ASCSITBING BEDUCTIOK OF DECIMALS. 
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Impartant Bemark. Any number of farthings is equi- 
yalent to a Decimal of a groat, a penny, or a half- 
penny.* 

Buij MulHples of three farthings are the only sums of 
money which are equivalent to exact Terminate Decimals 
of any of our other current coins. 

Bemembering this will preyent useless attempts to express as 
an exact Decimal of £V &e., any snm of money which has no snch 
equivalent. For, we may at once ascertain whether such an equi- 
valent exists by merely reducing the odd pence and farthings of 
the given sum to farthings, and dividing by 3'. If there be no 
remainder, the amount in question is equal to an exact Decimal of 
any of our current coins ; otherwise, it is equal only to a Decimal 
of a groat, a penny, or a halfpenny. 

As £1* = 960* farthings, there are 959' sums of current money 
less than £1*. But of these 959* amounts, only 319* are multiples 
of three farthings ; and, consequently, only that number of them 
can be expressed as Terminate Decimals of £l', leaving 640* 
amounts which cannot be so expressed. 

If, in place of our existing farthings, new ones were coined, each 
a of the value of our present farthing, so that a sovereign would 
be equal in value to 1000* such farthings (or mils) instead of to 
960* as now, then any sum of money under £1- would be equiva- 
lent to an exact Decimal* of each of our present current coins, 
except of a groat, a penny, and a halfpenny; which last, as we 
have seen, are the only ones of which any sum of our present 
money is an exact Decimal. These three, then, and the farthing, 
would be the only coins thrown out of currency by substituting 
lOOO* mils for 960' farthings. Eight of our coins out of twelve 
would remain unaffected by the change. Each of these, excepting 
the threepenny- piece, would also be equal to an exact number 
of mils. The threepenny- piece would be = 12*5 mils, or £-0125. 



EXERCISE LXXXVIII. {continued.) 
Reduce to Decimals 



13* 


Of 


14* 


Of 


15* 


Of 


16* 


Of 


17* 


Of 


18* 


Of 


19* 


Of 


20* 


Of 


21* 


Of 


22* 


Of 


23* 


Of 


24* 


Of 



a cwt, 3' qr. 14* lb. 
a mile, 3- fur. 32* p. 
a yard, 2- ft. 9* li. 
a cwt, 1* lb. 12* oz. 
a ton, 14' oz. 
alin. yd., l*ft. 8*7 in. 
an hour, 3* min. 9' sec. 
a cwt, 2- qr. 3 J lb. 
a day, 3* ho. 45* m. 
an acre, 3' r. 13* po. 
a guin., 1' s. 3|d. 
a moid., 16's. lO^d. 



25" 


Of 


26 


Of 


27- 


Of 


28- 


Of 


29 


■Of 


30- 


Of 


31' 


Of 


32- 


Of 


33 


•Of 


34" 


•Of 


35" 


Of 


36 


•Of 



ami., 3* f. 22- p. 2- yd. 24ft 

a ton, 3* qr. 14* oz. 

a lb., 4- oz. 10* dwts. 9* grs. 

a qr., 4*bu. 3'pe. I'gal. l*qt 

a tun, 21- gal. 2* qt l*pt 1-gi. 

a cu. yd., 3- c. ft. 4'' 6" 

a sq. mi., 13* ac. 2* r. 20' per. 

a week, 3* min. 9* sec. 

a bush., 3' p. 1* gal. 3* qt 1* pt 

a crown, ll|d. 

an acre, 2'r. 11* p. 

a com. yr., 10* we. 3' da. 



* The Decimal may, of coarse, be an loiproper Fraction. 

B 3 
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37-Ofttflov., 6-s. 4-d. ib- Of a mile, 2' for. 41- yd. 

88- Ofagmn,, ll-g, 8-d. Ill' Of » moid., l3-s.4|iL 

3fl- Ofaewt., 3-qr. e-lh. 17' Of a lb., 10' oi. 18-dwU. IB'gr. 

40- Of B CTOwn, 1-H. aid. 48- Of a lb. At., ISOO- grains, 

41-Ofalon, e-owt. l-.i-lb. 49- Of a ton, SO' gal. 3- ql. Ij pt. 

la- Of a aq. yd., 'i- ft. 73-" Oil- Of an aore, 2t. al-p. ai-yd. fl|(t. 

48- Of a week, 4- da, 18- hn. SI' Otajd,, 1-ft. ll-in. 9-U. 

U- Ofaleag., 1-fur. 30-po. 52- Of a ou. jd., Ifl-c. ft. 4-' B-" 3-'" 

To express any Concrete Quaalily in terms of any other 
Concrete Quantity of the same kind. Principle t. 
First. Reduce both to the same denomination, 
Secoad. Make the naming Quantity Divisor, and the 
other Dividend, and Divide, expressing the Quotient ae 
Vulgar Fraction, Integer, Mised Number, or Decimal, ae 
may be required. 



lG-3. 8id. i 



1 



Fiaei Example worked out. 
tenna of 3 '8. 8^d. 

Here, thf. nandn</ quantity, 3'b. SJd. = 178-Jiirtki 

.'. one fai-thing--^^ of Zb. SJd. 

The other qaantity, 16-s. 8Jd. = 801- fartMnffs, 

:. 16-B. 8^. = i|^of 3-B. 8Jd. 

= 4J times 3'b. B^d. 

= 4'5 of 3-a. 8^d. 

Second Example workbd our. Divide £ii' 13-b. ! 
by £i' 9-s. 3'd. 

£44- 13'B. 9'd. = 3575- threepentes; 

£1- 9-a. 3'd. = ^57- thretpenea. 

:.£U- 13u 9-d.^£4'9-s.3-d. = -iy^of£4-9-s.3'd. 

= 10^ of £4- 9-s. 3-d. 
Hence. £14- 13'3. 0-d. would suffice to pay for IOjJt artiolea al 
£4- e-a. 3-d. Hach. 

Third Eiamplb worked odt. Reduce 7-s, lO^d. to a 
Decimal of 31-b. 6-d. 

31-a. 6'd. = 756- halfpence. 

.'. One haljpenny = T^ of 31'B. 6-d. 

7-B. 10|d, = 1S9- halt^nce. 

:. 7-s. lO^d. = HS^ or I or -25 of 31u C-d. 



I 
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. FouBTH ExAMPLB WORKED OUT. Express T qr. 4- lb. 
as a Decimal of 5* stone. 

5* stone = 70- lb. /. 1 • lb. = ^ of 5- stone. 
1-qr. 4- lb. =-32- lb. 

/. 1-qr. 4-lb. = fj or -4571428 of 5- stone. 

The Example may also be worked out thus : 

4:* lb. Here, we first divide by 28- 

l'i42857qr. ^ reduce 4* lb. to Decimal of 

1* qr. We then divide by 2*5 



28- 
2-5 



•4571428 of 5- stone, because 5- stone = 2-6 qr.' 



Fifth Example worked out. Beduce 4|^d. to a Deci- 
mal of £25*. 

£25' = 500-s /. one shiUing = -^ of X25- 
4|d. = |«. .•.4|d. = |of^or=:r^or-00075ofX25- 

Or thus : 
4' 



12' 
500" 



.^ ^ Where we first reduce 4Jd. to 

4'0 pence Decimal of one shiUing; and then 

0-375 shillings reduce this Decimal to that of 

500-s. or £26- 



•00075 of £25 



Sixth Example worked out. In ten thousand merks 
how many crowns ? 

!• merk = 13-s. 4-d. or 13^s. ; 1- crown = 5-s. 

/. No. of crowns in 1 • merk = 13^ -r- 5- = -^ j- 5- = f of 
a crown. 

/. No. of crowns in 10000- merks = 10000- times f of 
a crown = 26666|^ crowns. 

Or thus : 

1* merk = 40* groats; 10000- merks = 400000- groats; 
and 1- crown = 15- groats. 

/. 10000- merks = ^^l^^o of a crown, or 26666% crowns. 

Seventh Example worked out. How much beef may 
be bought for £20 -, at £3- 10-s. per cwt. ? 

To ascertain this, we must find how often £3* 10-s. can be paid 
out of £20-; and this is found by Dividing A*20- by £3- 10-s. 

£20- = 40-half sovs.; £3- 10-s. = 7- half sovs. 
/. £20- -^- £3^ 10-s. = 40- half sovs. -^ 7- half sovs. 

= 5^ lots of £3- 10-B. each. 



lOO Divisroir by ant cokcrkte quaktitt. 

■. Quantity of beef, for which £20' will pay, = 5J- 4 

= 6-cwt. 2'qr. 24-lb. Eiekoibb l. 

EXERCISE IJtXXIX. 

EXAMPLES IK DIVISION OF OKB CONCKETE QUAKTfl 

lY ANOTHEK OF THE aAU£ KIND, QttOTIEN'T BEINQ f 

PEESSED AS INTEGER, TPH 



Amaieri, ichtn Improper Fraetiont, to be given aho ai Mixtil 
NumberB; and all Fraetions to bt givai in their loaeit Unas. 
1- EipresH as FrBOtiona of 3id., Jd.; jd.; jd-; I'd.; IJd.; lid.; 

l)d.: 2'd.; Qkd.; Ud.; S)d.; ^a.■, 41d.j 7)d.; Hid. 
S' How many poands, or what part of I'lb., aCSJd., oan be bought 
for each of the aboie amaunts; also (or Vs. 3'd.; tl-d.; 
lS-d.i -2rj'd.; S'H.: b alt- Sr crown ; aflorini half asov.; half 
Bgniuea; £1'; a guinea? 
3- At IJd. per pint, how ranch milk far 2'd.j -l-d.ii-d.; O-A.; Jd.; 
)d.; jd.: l-d.; Ud.; IJd.; l|d.; ij^d-: ^i^-i ^fd-l 3-d.; 
7id.; S|d.; lli'd.; 11-d.i 1'3.; 13-d.? 
How many yardt, or what part of !■ yd. can be bought 
4- For 6-d., at lid.perjd.f tl-For a-9.B-d.,at ajd.perjl? 
S-ForlOid., Btlfd. „ „? 13- ForM-s. 6'd., at8.s. (I'd. „ „? 
e- For aOd., at Ud. „ „? 13- For a-B.7id.,at 2-d. „ „? 
7- For a-s., at 9-d, „ „? I A- For 4-g. Iid.,a( 4'd. „ „! 
8- For lOld., at 2Jd. „ „ ? !.'>■ For l!-d., at |d. „ „ f 

- For 30-d., at Hjd. „ „ ? Ifl- For aid., it Ad. „ „ T 
For aafd., at Djd. „ „ ? 17- For 8(d., at i^d. „ „ ( 
Express in terms of £1-, each of the following araooiita ; 8-d. ; 
1-a. B-d.; 3-s.; ta, 4-d.j lOs. e-d.; 3-8. B-d.! 7-8. B-d.; 
Us. 8-d.; 16-B.; 17-a, 6-d.; a-s. 8-d.; 1-b. 10-d.; 3-b. 6-d. 



Hownianjartiolesworth£2-10's.7ld.eachwillco3t£36-8-s-B'dJ 
Espeoded £78- IHf. Aid. in the purchase of sheep, which cost, 

on an arerage, £1- 7-b. SJd. each. How Tnaa; were tbere? 
Hov man]' persona can he pud £4' 3'a. 7id. each, out of a 

fund amonotiog to £113- IH-s. lO^d.? 
Into how Qianj famiH, each 47- ac. a-r. 13- po. 29- yds., can ID 

estate of laH- bo. It. 5-po. 19- yds. be divided? 
Supposing a man to travel noifarmly at the rate of 37- mi. 

0- fur. 18' po, per day, how tang will he be completing a dis- 

tanoe of lOaO-mi. a-fnr. 14-po.? 

Note to Teidheb. It may bs woll here to gauDan the pupil agaiDat Ibe 
eRiBgiDDs blander incaloitei V n»i°; booke as to the result oF Diilrtlng on* 
Compoon'IQDaDtitThrHnDDiHr, I bars bsters me,slIhiBiuoniBnt.iiii»Blial. 
pab]lii^sdbig0TeniiiieDtaulliorlt:r.cutitainingIheii9(oandiDBatal«m«itlta>t 
'■£93l» Hs.Md.+Jia- 7-a. 0JA-4S. TJd. and . fmoUon of a ftuthing"! 

Tli[> error betnya an utter targelfuloen of -bu THvMon redly ia. {lb«> 

is ^e°v«i8nblBcnunbo, "Multiply nr T^a. lijd, bj Jl* Ifl-a. •■"*■■ '^"^ 
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6* How many bins each containing T'qrs. d*bu. 2'pk8. I'gal., 

can be filled with flour, from a store containing 1U4* qrs. 

2bu. 3pk8.? 
7* How many scholars are there in a school of which the gross 

expenses amount to £143* 10*s. I'd., and the average cost 

per scholar £1* 12*8. 7fd. ? 
8* How many fleeces of wool, each lOf lb., will wei^ 3* cwt 2* qrs.? 
9' Erom a tun of wine, how many dozen bottles can be filled, each 

bottle containing li pint? 
10* If a cwt. of sugar cost £2* 6*8. 4'd., how much can be bought 

for 5*8. Oid. ? 

Find what fraction 5's. 9id, i$ of £2- 6*s. ^'d. 

Then, the same Fraction of 1* cwt. may he bought for 6*«. did, 

11* Express £226* 11*8. 0|d. as a Vulgar Fraction of £317* 3's. 5id. 

12- What is the ratio of £407* 16*s* 5jd. to £317* 3h. lO^d.? 

18' Beduce 13*8. d^d. to a Fraction of £1* 8*6. 10|d. 

14* Beduce 41* qrs. 5' gals, to a Fraction of 56* qrs. 1* gal. 

15* What Decimal Fraction of £105* 19*s. 6d. is equal to 

£66* 4*8. 84d.? 
16* By what Decimal Fraction must 8* lb. be multiplied to produce 

4* lb. 7* oz. 7* drs. ? 
17* What part of a ton is 13* cwt. 3* qrs. 21 -lb.? 
18* What part of 11* guineas is £1* 13*8. ? 
10* How many times can 11* lb. 6* oz. be taken out of 1* cwt. 2* qrs. 

8* lb. 5; oz. ? 
20* If a coat require 3f yds. of cloth, how many such may be made 

from a piece measuring 60* yards, and how much cloth will 

there be in the remnant ? 

Find, and accurately describe^ the Quotients 
21* Of Je2171* 5*s. 7id.-r Je56* 10s. 10 Jd. 

22* Of 28* Tons. 8* cwt. l*qr. 16* lb. -7- 1* Ton. 17* cwt 3* qrs. 16* lb. 
28* Of 1500* mi. 6* po. -f- 27* mi. 6* fur. 9* po. 
84* Of 61* qrs. 4* bu. 2* pe. If pt. -f- 8* qr. 4* bu. 1* pe. 1* gal. 1* qt. 
26* Of £312* 18*8. 5|d.-r Je40* 7*s. 6id. 
26* Of 84* ao. 2* r. 34- per. -7- 5* ac. 3* r. 12^ per. 
27* Of 1621* lb. 4-oz. 15*dwts. 13*grs.-T-21*lb. ISdwts. 17*gr8. 
28* Of 240* yds. 2* qrs. 3* na. -f- 14* yds. 2* qrs. 3* na. 
29* Beduce jC68* 3*s. 3|d. to the Decimal of Jei04* d*s. 4*d. 
80* Beduce 3* lb. 6^oz. to the Decimal of 3* qrs. 13* lb. 10* oz. 8* drs. 
81* Beduce 68*yds. 2*ft. 4*in. 6U. to the Dec. of 183yd8. l*ft 4*in. 
82* Beduce £1' 5*8. 2id. to an Interminate Dec. of £2' 18*s. lOi^ 
88* What Interminate Decimal of j£536* 4*s. 32d. f q. is equivalent 

toJe417*ls. Hd. iq.? 
84* By what Decimal Fraction must 9's. 5|d. be divided to yield a 

Quotient equal to 10*s. I0*d.? 
85* Express 46* lb. 7*5 2*5 1*9 15*grs. as a Vulgar Fraction of 

11Mb. 10*5 3*3. 

THE COMPOUND BTJLES. 

Addition^ Subtraction, Multiplication, and Division of 
Compound Quantities are usually termed "Compound 
Addition/' "Compound Subtraction," <fcc., and, collecr 
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tivoly, " The Compound Rules." Each of them is, how- 
ever, nothing more than a oombination of the aiinple 
process with Rfiduction. 

Thus, Campaond Addition oonaiBtB of several Simple Additicns 
and Beduolioiis. 

DOMPOOJO) ADDITION. 

To find the Sum of any number of Compound QuaiUi- 
tiet, of the same kind. {Peinciflb v.) 

First, Arrange the given Quantities bo that like units, 
or fractions of like units, shall stand in the same vertical 
(Jolumn; placing the columna in the order of value of 
their units, ascending from right to left. 

Second. Add the units or fractions in right-hand 
column. Reduce the Sum to neit higher name. Carry 
units found of that name, and set down Renminder under 
its own column. 

Third. Find the Sum of nest column and units oai-ried. 
Reduce this Sum to next higher name. Set down and 
carry as before. Proceed similarly with all the other 
columns. 

Kethod of Proof The aa 
(Page 30-) 

Examples worked odt aitd peoved. I. Find the Sum 
of .£295- 11-s. 8Jd., 18-B. lljd., £31045- 16-b. 5fd., 
£41- 10-8. 4|4, £96i2- I's. Jd., and £70000' 9^. 
£ ,_ ^ Id adding, we call jd. two farthings, 

nne 1 1 do Then, Snm of farthings-oolamn = l-l" 

296- 11- 8f firlhings = 3id. 

-■ — T" Set dmen jd. Carry S-d. 

it)' lij Sure of pBiiBB-ooIumn, with 3'd. caccied, 



I Simple Addition. 



41' 10- 4j Sam of alii!Ungs-oolumn,witli 3-b. OBrriad, 

9(f4J 1 Uf ffel down ID'S. CarTy £2- 

70000- 0' 9i "^^^ ''°'''' °^ poonila-ooluiDn is B SlmplB 

? Addidon. 

111025- 19- i^ = Sum of the six amounU. . ^ 

110730- 7- 7J= Sam of lower five amownte, top on* 

111025-19- i^=Sumof IhesixamounU. Proof. 
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£. • 9. 

614- 17 



11. Add together JB6U- 17-b. 9A<i-> ^22- 13-b. 6fd., 
jei34- U-a 5^, X84- 6-s. Hid., X5946- 12-8. S^di., 
£521' 19-s. lOfd. and £34168- Ti^d. 

L. c. D. of the seven fraotionB of a penny 
»48* (See Exercise Lzx.) 
.*. Sam of the fractions 

= («+« + «+A+« + i» + »)d. 

Set down :Ad. Carr^ d*d. 

Then proceed as in former Example. 



22' 13 
134- 14 



84- 6 

5946- 12 

521- 19 

34168- 







41493- 5 



40878- 8 



41493- 5 



M 



11* 
10}. 



711 



11^ = Sum of the seven amounts. [omitted. 



1{- = Sum cf loufer six ammbnts; top one 



11^ = Sum of the seven amounts. Proof 



EXERCISE XC, 

BXAMPLIB IN ADDITIOH OF COMPOUND QUANTITIEB. 

Find the Sum of each of the following sets of like Compound 
Quantities. 

I. MONEY. 



Ex. 1- 


Ex. 2 


» 


Ex. 8' 




Ex. 4- 


£. $. d. 


£. «. 


d. 


£. $. 


d. 


£. 


«. d. 


4351- 18- 4i 


376- 16- 


6- 


9186- 14- 


lOi 


6416- 


16- 6f 


696- 3- U- 


4218- 17- 


6i 


759- 16- 


9* 


326- 


8- 7f 


2- 16- 6^^ 


6478- 9- 


4i 


1843- 16- 


6A 


8646- 


11- 4i 


15406- 12- 9i 


868* 11- 


3J 


7568" 18- 


4* 


8271- 


16- 3^ 


87- 6r 4; 
98643- 17- 6 


9485- 14- 


71 - 


4325- 17- 


81 


9- 


18- 6f 
12- loft 


8786- &• 


8* 


964- 11- 


H 


84- 


7482- 9- 8i 


4684- 11- 


6i 


36- 13- 


Hi 


18- 


14- 111* 

m 


Ex. 5- Ex. 6- 


Ex. 7- 


Ex. 8- 


Ex. 9- 


Ex. 10- 


8. d, 9. d. 


«. d. 


£. 


t. d. 


«. 


d. q. 


«. d. 


14- Hi 8- 4- 


3- 4-6 


8468- 


I' 4-6 


4- 


29- 111 


8- ^ lOj 

9- H 111 


6- 8-76 


9642- 


6- 11-26 


13- 


48- 10^ 


2- 11-26 


7498- 


14- 9-76 


18- 


41,^ 


16- 4^ 
69- 5^: 


17-111 16- H 


4- 6125 


3186- 


13- 4-6 


11- 


64,f 


4- 6^- 8| 


8- 4-375 


6481- 


6- 6-76 


13- 


6i,f 


12- 8 


18- 61 5- 6- 


2- 11-876 


4865- 


9- 5-6^ 


14- 


10J,A 


27- 11 


9- 6* 17- 6i 


4- 8-126 


2184- 


15- 9-6 


6- 


Sh^ 


14- 6A 


11-lOf 6- 4« 


8- 11-5 


7956- 


14- 4-6 


16- 


6* 


33- 9i 


2- 2i 1- 6* 


8- 9-25 


8418- 


9- 10-26 


6- 


1H,A 


9-lOif 
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C0MP0X7ND ADDITIOK. 



II. AVOIRDUPOIS WEIGHT. 



T. cwt 
14- 13- 
26- 9- 
47- 12- 
31- 17- 
95- 14- 
68- 3- 
19- 16- 
67- 0- 
74- 17- 



Ex. 11- 

qr. lb. oz. dr. 



3 
1 
2 

2 
3 
1 




15 
4 

la 

25 
9 
27 
12 
23 
21 



11 

10 

5 



7- 
9- 

Oi 
12- 12j 

7- 81 
6- lOf 

0- 16|ftr 
15- 6- 

8- 14f 



Ex. 12- 

owt. qr. lb. 
34- 3 
59- 2- 
41- 3 
75- 1 
69- 3 
94- 2 
18- 2 
23- 1 
88' 3 



19i 
7f 

25f 
18i 
27f 
12* 
24A 

m 



Ex. 13- 
qr. lb. oz. 
8- 14- 6i 
2- 15- 8i 
8- 26- 13f 

1- 17- 12} 

2- 23- 8A 

1- 8- 144 

3- 25% 18| 

2- 19- 15A 
1- 26- 111 



Ex. 14- 




III. TROY WEIGHT. 





Ex. 15- 




Ex.16 


• 


Ex. 17- 




Ex. 18' 


lb. 


oz. dwt gr. 


lb. 


oz. dwt. 


er- 


lb. oz. dwt. gr. 


lb. 


oz. dwt. gr. 


14- 


7- 11- 13- 


16- 


113- 


16-46 


2. 9- 14- 224 


4- 


8 16- 28-6 


9- 


5- 16- 21- 


31- 


9-16- 


3-085 


9"8- 12- 19J 


12- 


0- 4-14- 


25- 


11- 4- 3- 


4- 


5-14- 


4-75 


18- 7- 15- 18f 


6- 


2- 13- 11-76 


12- 


9- 17- 19- 




11- 17* 


13-876 


4- 6- 13- 17A 


18- 


1- 17- 22-25 


8- 


6- 16- 7- 




6-12- 


9-12 , 


13- 6- 11- 21tt 


6- 


11- 9- 16-6 


41- 


3- 8- 15- 


15- 


3-10- 


3-65 


65- 4- 16- 14iJ 


14- 


6- 18- 4-6 


16- 


10- 12- 14- 


2- 


4- 19- 


17-015 


12- 3- 12- 16i 


7- 


5- 15- 18-25 


7- 


11- 19- 23- 




2- 


3'005 


7- 2- 10- 5i 


15- 


8- 17- 9-25 



IV. apothecaries' weight. 





Ex. 19- 




Ex. 20- 


Ex. 21- 


lb. 


5 5 9 gr. 


5 


5 9 gr. 


5 9 gr. 


3- 


4- 6- 2- 19- 


1- 


7* 0- 6-6 


6- 1- 14-006 


4- 


7- 2- 1- 15- 


8- 


6- 2- 18-08 


4- 2- 3-784 


6- 


9- 3- 0- 13- 


5- 


5- 2- 3-76 


3- 0- 16-316 


1- 


6' 7' 1- 8- 


11- 


4- 1- 9-14 


1- 1- 4-072 


6- 


11- 6- 2- 14- 


7- 


3- 2- 18-63 


2- 2- 17-46 



Ex. 22- 

3 9 gr. 
1- 2- 17t 

3- 1- 161 

4- 1- llf 
6- 2- 6} 
6' 0- 12JSf 



V. LINEAL MEASURE. 



Ex. 


23- 


Ex. 24- 


Ex.l26- 




Ex.26- 


yds. ft. 


in. U. 


mi. far. po. yds* 


leag. mi. for. po. 


far. 


ft in. 


34- 2- 


11- 4- 


13- 7- 21- 4. 


20- 2- 7* 194- 


26- 


89- 11-875 


17- 2- 


10- 6- 


4- 6- 36- 3- 


4- 1- 4- 32f 


12- 


46* 9-006 


65- 0- 


6- 9- 


3- 19- 2- 


19- 0- 3- 6A 


37- 


130- 7-66 


14- 1- 


8- 8- 


26- 2- 7- 1- 


36- 2- 2- 28A 


16- 


62- 8-436 


22- 2- 


9- 6- 


33- 6- 38- 6- 


24- 2- 6' 37i 


29- 


194* 6-026 


15- 2- 


6- 6- 


17- 4- 15- 4- 


37- 1- 6- 18i 


11- 


200- 8-01 



OOMFOUITD ADDITION. 
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Ex. 27* Ex. 28 

yds. qr. na. in. E.E. qr. na. in. 

6- 8- 2- H 8- 8- 8- If 
14- 2- 1- If 



TL OLOTH MEASURE. (lIHEAL.) 



Ex. 29- Ex. 30- Ex. 31- 

Fr.E. qr. na. Fl.E. qr. na. S.E. qr. na. 



16- 
2$- 
17- 
25* 



2- 
1- 
2- 
8- 
3- 



1- 
3' 
2- 
1- 
8- 



2- 
2i 
U 
2A 



7- 

4- 

18- 

11- 

6- 



4- 
2- 
1- 
3- 
2- 



2- 
1- 
3- 
!• 
2- 



2A 
2- 

1* 

Of 

li 



8' 
16- 

4- 
23- 
17- 



3- 
2- 
6' 
4- 
1- 



16- 3- 



2- 

8*5 

1-26 

2-15 

3-3 

2-7 



14- 
11- 
6- 
33- 
17* 
64- 



2- 
1- 
2- 
0- 
1- 
3- 



3 

2- 

1- 

3- 

2- 

1- 



4- 
16- 
16- 

9- 
31- 
16- 



3- 
2' 
3- 
1- 
1- 
3- 



2- 
1- 
3- 
2- 
2- 
1- 





Vn. SUPEBFIOIAL MEASURE. 




Ex. 32* 


Ex. 83- Ex. 34* 


Ex. 35- 


a.7ds. nJL •.m. sJn. 
84- 8- 2- a 


•.ft. ' " ae. r. s.po. a.ydi. BqjnL ao. r. •.po. •.yda. 


849* 11' 4A U' 3* 38* 29^ 48' 


321- 2* 12* 15} 


15- 7- 6- 9: 


86* 9* 6f 86* 2- 11* 10} 87- 


410- !• 24* 24tV 


40- 6- 8- 3 


574- 10- llf 18- 1- 25- 5i 46- 


316* 3- 82* 9} 


80- 6- 6- 7i 


851- 6- 9f 65- 3* 14- llf 89 


• 595* 3- 16* 18f 


64- 4- 11- 6 


378- 8* 10} 96* 1i* 26- 25} 64 


• 631- 2* 18- 19} 


48* 8- 9-lli 


485* 7* 8f 84* 1* 17* 30* 22 


• 84* 1- 26- 21} 


vm. ouBio measube, or measure of 


SOLIDITY. 


Ex.86- 


Ex. 37* 


Ex. 38' 


cyda. eft. o.in. 


eft. ' " "' cyds. 


eft.. ' " '" 


14- 17- 456- 


39* 5* 9- 3- 41* 


21* 9- 11- 5- 


28* 23- 849- 


84* 4* 8* 4* 131- 


18* 6* 5- 9- 


15- 16- 884- 


87* 10* 6* 11* 89- 


25* 5* 10* 6- 


47- 4- 1866- 


881* 11* 6* 9* 346* 


4* 3- 8* 10- 


86- 22- 45- 


867* 6* 10* 5* 58* 


17* 8* 6* 5- 


21- 16- 986- 


695* 7- 11- 6* 563- 
IX. MEASURE OF CAPACITY. 


13* 10* 7* 9- 


Ex.d9- 


Ex. 40* 


Ex. 41- 


giL qta. pta. 
14- 8- 1- 


bu. pks. gal. qts. 


qra. bo. pks. gaL 


19- 3* I* 3* 


7* 7* 3* 1* 


88* 2- 0- 


3* 0* 1* 2- 


8* 8* 2* 0' 


85* 1- 1- 


15* 2* 0* 2* 


4- 2* 1- 1- 


98- 8- Oi 


28* 1* 1* 3- 


12- 5* 2* 1* 


19- 0- U 


17* 3* 0* 1- 


6- 6- 1- 0* 


87- 2- li 


34- 2* 1- 2* 


8- 4- 3* 1- 


Ex. 42* 


Ex. 48* Ex. 44* 


Ex. 45- 


gaL qta. pt. gi. 
16- 8- 1- 8- 


pka. gal. qta. bo. gaL qta. 


Ids. qrs. bn. pka. 


8* 1* 3* 43* 7* 3* 


17- 4* 7* 3* 


14* 2- 0- 2- 


4* 0' 2* 6* 5- 2* 


28* 3' 4* 2- 


88- !• 1- 2- 


5- 1* 3* 16* 1* 1* 


13* 2* 3* 1- 


47« 8« 0- 1- 


9* 1- 1* 19* 3- 1- 


15- 4* 2* 0« 


IS* 1- 1- 8- 


6* 1* 2« 8- 2* 3« 


6- 1- 5* 3- 


12- 2« 1- 2- 


4* 0* 8* 17* 6* 2* 


34* 2* 6« 2« 



8 
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COMFOUITD ADBITIOK. 



X. APOTHBGARIES FLUID MEASURE. 



Ex.46- 






Ex. 47- 






Ex.48* 


gal. 


5 







5 5 







5 3 wf 


1- 


7- 13-5 




3- 


13- 7-875 




14- 


13- 5- 42- 




5- 8-01 




4- 


11- M25 




11- 


9- 7- 18- 


2- 


6- 14-25 




7- 


15- 6-5 




7- 


11- 4- 29- 


3- 


2- 11- 




1- 


14- 5-45 




34- 


5- 3- 53- 


1- 


4- 9-75 




6- 


12- 4-25 




8- 


12- 6- 46- 


2- 


3- 5-34 
Ex. 49- 




5- 


9- 3-125 

XL TIME. 
Ex. 50- 




7- 


»• 4« 19- 
Ex.51- 


da. 


ho. min. 


sec. 




mo. we. da. ho. 




we. 


da. ho. min. 


41- 


14- 41- 


41- 


11- 8- 6- 21- 




3- 


6- 15- 30» 


39- 


11- 23- 


17- 




9* 2- 1- 14- 




2- 


4- 13- 45- 


65- 


16- 37- 


25- 




8- 1- 4- 13- 




9- 


0- 21- 16- 


18- 


5- 54- 


43- 




5- 2- 5- 19* 




5- 


3- 11- 28- 


23- 


4- 38- 


29- 




7- 2- 2- 18- 




4- 


1- 16- 19* 


42- 


18- 31- 


51- 




3- 3- 8- 23- 


• 


16- 


2- 22- 35- 




Ex.52- 






Ex. 53- 




Ex.54- 


c.yrs 


1. da. ho. 


min. 


c.yrs. we. da. ho. 


c.jnrs. 


da. 


ho. mi. 


7- 


315- 11- 


30- 


.18- 


49- 6- 13- 


15- 


luo- 


14- 82-5 


4- 


49- 18- 


21- 


4- 


36- 4- 11- 


4- 


84- 


23- 21-25 


11- 


163- 21- 


58- 


33- 


21- 8- 16- 


3- 


241- 


11- 4-75 


5- 


342- 5- 


32- 


12- 


50- 2- 24- 


62- 


358- 


16- 36-845 


9- 


54- 6- 


28- 


1- 


12- 5- 18- 


8- 


205- 


19- 4-005 


18- 


283- 14- 


19- 


24- 


13- 3- 15- 


45- 


193- 


21- 17-35 



COMPOUND SUBTRACTION. 

There are two methods of working Compound as well 
as Simple Suhtraction. That commonly employed sup- 
poses Minuend and Subtrahend to be both equally in- 
creased, the former by borrowing, and the latter by carry- 
ing. This, as shewn on pages 82- to 85-, is an artificial 
method, which could not be employed with the actual 
units of the Minuend before us. The natural method, 
which we adopt, neither increases the Minuend nor Sub- 
trahend preparatorily to finding their Difference. It 
merely rearranges parts of the Minuend. 

To find the Difference of any two Compound Quantities 
of the same kind, (Principle v.) 

First. Arrange as for Compound Addition, the less 
under the greater. 
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Second. Commencing with right-hand column, Sub- 
tract, if possible, each Subtrahend- quantity from the 
Minuend-quantity above it. 

Third. When requisite, borrow one unit from the next 
column in which there is a significant figure. Then : 

I. Reckon the Minuend -quantity whence you borrow 
as one less than it is written. 

II. Reckon the Minuend - quantity for which you bor- 
row as being increased by the number of its units which 
make one of the next higher name. 

III. If any columns intervene, each will, of course, be 
occupied by a cipher. Reckon each such cipher as one 
less than the number of units of its column which make 
one of the next higher name. Then Subtract. 

This distribntion will exactly dispose of the borrowed unit. For, 
supposing that I borrow for the farthiogs, then : 

I'd. borrowed is converted into f d. 

1*3. „ is converted into llfd. 

£V „ is converted into 19*s. ll|d. 

If I borrow for drams, then : 

drs. 

1* oz. borrowed becomes 16* 

oz. 

I'lb. „ becomes 16* 16* 

lb. 

I'qr. „ becomes 27* 15* 16* 

qrs., 

Tcwt „ becomes 3* 27- 16- 16* 
I'ton „ becomes 19- 3* 27* 15' 16* 

Examples worked out. I. Subtract £495* 11 -s. 6fd. 

from £629- 3s. 8Jd. 

£. ». d. The subtraction in the highest name, 
JFram 629* 3* 8J^ which here is "pounds," is mere Simple 
Take 495* 11* 6f Subtraction, of which no more need be 

said. Apart from this, two borrowings are 

necessary. First, I'd. is borrowed for the farthings, and thus the 
8id. become Tjd. Then ^1- is borrowed for the shillings, so that 
the jB9* 3'8. are converted into ^8* 23*s. Hence, by borrowing and re- 
arrangement, the entire Minuend is converted into £628* 23's. 7f d., 
and the operation to be performed is 

£, «. d. 

From 628' 23* 7|- In the work of this Example we have 

Take 495* 11* 6^ two borrowings and no carrying, 

By the usual method we should have 

Jiemr. 133* 12* 1^ ^yjo borrowings and two carryings* 

S 2 



) StJCIBACTlOH. 



after taking £843- 7-s. 6^- 



From 1 0000- 

TaAing 843- 7' 6^ fromBSaV 19- Til 

Leav»» 9 1S6- 12- 5^ Take 8ia- ?■ fi^ 

In this Example ne have one borromiv^ &Dd no carr^in^. Bf 
the ordinary method there would he $evea borrawingt nnd rtt 
eaTTj/ir^ii. Bj these operationii, ttie Minnend wanld be ehaoged 
iQto ^llllt- 1'8. I'd., and tbe.SubtmbeDd into £IQS1' S'B. TidI 

It iH ver.i evident that if lOOOtl- aovereigQB Uj on the taU< 
before na, there would be no necessity to calt ftw illll- 1'b. I-d. 
more, in order to take ana; £443' T's. fljd. Wa ahooM eiehtnge 
one lovtreiffn for 30- shillings, then otui of those HfaiUings for 
12' pence, then oju of those pence for i- farthings. This being 
done, we should hate, instead of 10000- boys., (he lame amoKnt ia 
B more uonvenieat form, namely, 0999- hot!!. IQ's. Ilfd. Then we 
should eobtract farthinga from forthiogB, pence from pence, and 
80 oo. Our method, therefore, being strictly that which must be 
followed in handling the real coins, vreights, ftc, wbiah arn repre- 
senlod by the llgares of the Mionend, we ore justified in terming 
it The Natural Method. 

in. By how much does 16-tons S-cwt, 2- qra, 13- lb. 
7-oz. 9-dwt8. fall short of 32- tons 4-cwt. 8- lb. 3-d«.? 



'' Here, n 
' 1- Ih., ooi 
■ 3- dre. 1 



verting 6 



Minuend 32- 4- 1 

Subtrahend 16- 5' 2- i; 

Difference 15' 18- 1-22- 8- 10- J?' ^rs. This gives ua 

8- 02. Vie next have to borrow 1 ' cwt., converting; 1' cwt. and 7' lb. 
into 3-owt. 3-qrs. and 3S-lb. This gives ns Homrs, 33- lb. and 
I- qr. We then borrow I- tun, converting S' tons and 3' cwL into 
1-ton and 33- oirt., which gives Hemr. 18-owt Lastly, subtiaofinc 
IS' tons from 31- toon, we obtain Remr. 10' tons. 

IV. Pind the Diff. of £&■ 13-8. ajd. and £19- 2b' Utd. 
Minuend 19- 2- Hi First, Convert llH into lO^d. 
Subtrahend 6- 13- 8J Second, Convert ^9' a-a. 
~9"."" ■ 2i ■£8- aa-a. 



Differs 



EXERCISE XCL 
EXAMPLES IN SUBXBACTION OF caUFODKD QUAHTi: 
I. MONEY. 



ITM^^ 
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5* How much must l)e added to ll's. 5^. to make up JE20' ? 

6- Find the Diflference of £B' 2*8. 4-d. and £1- 15*8. 

7- By how much does ^£28- 3-8. 2-d. fall short of JEISO*? 

8* Wliat amoimt must he suhtracted from £35* 12*s. to leave 

17-8. 6id.? 
9* By how much does £12* d's. 5'd. exceed 4*8. 2^d.? 
10* What amount is less than £3* hy 16*s. llfd.? 
11* After paying for some hutter out of half a sovereign, 3's. lO^d. 

remained. What w&s the cost of the hutter? 
12' What amount does Jgl35* 4's. exceed hy £22* ld*s. 9id. ? 
18' A person desirous of accumulating d645', has saved £7* 3's. 6'd. 

How much more must he save ? 
14* Suppoidng a tradesman's stock to he worth £1453' ll's. 6*d., 
the dehts due to him to amount to £451* 13's. 8'd., and that 
be owes £1600* 19*8. 6\d.; how much does he really possess ? 
15* A woman sold, at market, for ready money, hutter to the amount 
of 18*8. 7 id., eggs 1*8. lO^d., and potatoes 17*8. 8'd, She 
then purchased draperies to the value of £1* 13's. 6|d., 
groceries 11*8. 4id., a pair of shoes costing 5*s. 6'd., and a 
tea-set for 8*s. 
L How much did she receive ? 
XI. How much did she expend ? 
m. What amotuit had she remaining, supposing she hrought 

with her a five-pound note ? 
lY. How much more did she lay out in draperies than in 
groceries ? 
y. How much less did the shoes cost than the tea-set? 
VI. When did she first require to change her note, supposing 
her transactions to have proceeded in the ahove order ? 
16* Find the exact position of a person's affairs to whom is owed 
£43* ll's. 7'd. -f £301* 5-8. 4jd. + £17' 13s. Sjd. -f IBs. 7|d., 
who owes £354* 3*s. 6id. -f £411- 14's. 3id. + £215* 13s. 6id. 
-)-£300* 15's., and whose cash and other effects amount to 
£750* 15's. 8'd. 

SXAMPLES HAYING OTHEB FRACTIONS THAN FABTHINGS 
IN ONE, OE BOTH, OF THE QUANTITIES. 

In the first of the following examples I'd. is horrowed and 
turned into f of a penny, so that the 3fd. are converted into 2^8^d. 

In example 18' £600* are converted into £599' 19's. llfd. 

In example 19* the first amount borrowed is I'd., which is con- 
Verted into 8* farthings and H of & farthing, so that Ifd. iq. he- 
comes fd. a q. 

In such examples as these, the first step is always to reduce the 
two fractions to a common denominator. It is then at once per- 
ceived whether borrowing will or will not he required. Page 89* 

Ex. 19* Ex. 20- 

£. B. d. Q. £. 8. d. q. ' 
3154' 2*1H 3561* 6* 5f A 
5*18'4iJ 1004* 8*11H 



s 3 



• 


Ex. 17' 


Ex. 18' 




£. a. d. 


£. 8. d. 


From 


214* 4* 3f 


1600* 0* 0* 


Take 


186*17* If 


958- 4- 5f 
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El. 21- Ei, aa' El, 23- Ex, 31' ^^ 

X. B. d. q. £. s. d. q £. a. d. q. £. g. d, 

jtfin. aasa- s- i- aaei- a-aj sooo- o-o- i20- i- 8- 

Subtd. IflUS- la- lljf 3II&-U-3H U-7}j|- 3S-16'U'76 

U. AVOOtDDPOlS WEIGHT. 
El. 36- Ei. 28- Ex. 87- 

T. cm. 01, a. u. <t. T. mn. gi. lb, DL li. T. an. qt. III. 01. dr. 

From i.'i-ia-aiB-a-ii- 11- o-o- u-0- 0- 7- 0- a- o- O'O-f 

Take 0- IB- 1- Si' !■ 13 - 3- 15- 7- 13- 15- 3- 87- 12- 8' 

Ex. ae- El, ag- ek. so- 

T. oL qr. ib. oi. T. ot. qr. lb, 01. dr, T. oL qr, lb, or, dr. 
Min. 4- 10-0- O-iyj 18- 0-0- 0-0- 0- 300- U- 0-13- 8-3) 
Subtd. a- IB- 3- 15- I5i IS- a- S- B- 11 j m- ID- 3-3a-ll-0} 

III. TROT WEIGHT. 
Ei. 31- Ex. 32- Ex.33- En. 31- 

111. oz.dt.gr. lb. OE. dt, gr, lb. oc dl. gr. lb, oi. dl. er- 

jfin. la- a- 0- 1- Zi- IV u- ai- o- to- lo- -io^ ii- o- o- o- 

Sttttd. 3-8-6-B- 10- 13- 18- aaj 4- 3- 7- 0| U-lI Uji 

IT. apothbcabieb' weiohh. ^^^I 

Ex. 30- Ex. 80- Ex. 37- Ex. SB^^H 

lb. 3 3 9 er. 5 3 9 gr. n.S 3 9 5 S 9 ^H 

Sfin. 4- 0- 0- 0- ()■ 11' !<■ 'i- 5| 1- 0- 0- U- 10- O 1- O-fi 
Subtd. I- n- &• !■ 17i J- 6- a- Bf 5- 4- 2-75 0- 7- a- ri-75 

V, L1NIU.L MEABUBB. 

Ex. 3fl- Ex. 4H- Ex. 41- Ex. 42- 

jia. fL in, li, mi. for. po. jda. ]g. mi. ftir, po. pa. (t, in. 

From 310- 0- 6- 0- 33- 5- 21- 3( 2- «■ 0- 10- 37- m- 11- 

Talte 14a- 2- 8- 7-5 IB- 7- 38- 4) 1- Q- 7' 31A 12- 130- fY 

TI. OLOTH MBABDRE. (LINEAL.) 

Ex. 43- Ex. 44- Ex. 45- Ex. 48- Ex. 47- 

jrdH. qr. na, in. E,E, qr. an. Id. Fr.E, qr. Da, F1.E. gr. na, 9.E, qr.tia, 

Min. 14- a- 1- 1- 8- 0- 0- 0- 4- B- SJ 7- 0- OJ »■ 1- 2' 

SiiUd. !)■ 3- 3- H 1- 4- 3- 04 a- 3- 2^ 3- I- 3t 4- 3- 3- 

VII. aUPKBPIOIAIj HEABDRB. 
Ex. 48- Ex. 40- Ex. 50- Ex. 51- 

FramZi- ii- 8'' 11-' 05- 3- 6- 81- 3- IS- 371 14- 301- 3- 18a 

Taiit 18- 7- 11- 6-a ea- 6- o- 36- 3- sa- eef ii' b48- o- shw 
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TIIL CUBIC HEA8UBB, OB MBABUBB OF BOLIDITT. 

Ex. 62- Ex. 58' Ex. 64' Ex. 65' 

o.y. o.t c.p. " T.ehp. ft. ' o.yds. ft. in. eft. ' " "' 

From 4- 21- II- .5- 300- 0- 0- 31- 24- 743-6 341- I- 0- 0- 

Take !• 26* 6- 7- 164- 88- 7- 19- 26- 1005-75 68- 7- 9* 3' 



IX. MEASURE OP CAPACITY. 

Ex.56- Ex.57- Ex.68' Ex.69- 

qr. ba. pe. gal. bn. p«. gal. qts. gal. qt. pt gl. Id. qr. bn. pe. 

From 13- 5- 2- 1* II- 2- 0- li 18- 1- 0- li 7- 3- 2- 1- 

Take 7- 6- 8- 1} 9- 3- !• 1| 16- 3- 2- 3} 5- 4' 6- 3' 



X. TIME. 

« Ex.60-' Ex.61- Ex.62- Ex. 63- 

cyr. da. ho. we. da. ho. min. da. ho. min. sec. e.mo.we.da. 

From 8- 142- 5- 15- 2- 5- 11- 43- 11- 2- 5- 11- 1- 5i 

Take !• 264- llA 4- 5- 19- 20- 38- 14- 18- 298 8* 3- 6i 



COMPOUND MULTIPLICATION. 

To Multiply any Compound Quantity by an Integer 
less than 13* 

First. Multiply the Quantity of the lowest name in the 
Multiplicand. Keduce Product to next higher name. 
Set down and carry as in Compound Addition. 

Second. Proceed similarly with the other quantities of 
the Multiplicand. 

FiBST Example wobked out. What will 9* arficles 
cost at £3* ll*s. 8id. each? 
They will evidently cost 9* times X3' ll-s. Q\d, or £3* ll*s. 8id. X 9* 
£, 8. d. 9-q. = 2jd. Set down Jd. 

3- 11- Si = cost of V article. f«"y ^-d. 

Q. "^ 74-d. = 6-8. 2-d. Set down 

— . 2-d. Carry 6s. 

82* 5' 2i = co8t of 9' arttcles, 105-8. = ^6- 5-8. Setdoum 

5-8. Carry £6' 

This process is founded on Pbinoiplv xzv. (Page 172*) 

Second Example wobked out. Find the extent of 
5' fields, each being 4* ac, 2* r, 35* po. 

"J* o o2' 4 4 f-i jiijt 175-po. = 4T. 15-po. 

4- 2- Z^=extent or area of V field, s^tilb-^o. Car.4-r. 

iz:: — :z — t^- m ^ ^ ^ j» n 14T.!=3-ac. 2-r. 

23- 2* l5':^extsntorareaof5'fields. Setd.2'T. GaT.^Mws.* 
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Third Example wobked out. If 3* lb. ll* oz. 
13* dwts. cost a crown, what weight of goods, at the same 
rate, would cost £1* ? 

. Now, a crown == j^ of £1*; hence 4* times as much may be bought 
for ^1* as for 1* crown, 
lb. oz. dwts. 

3* 11* 13f = weight which coats 1* crown. 
4- 

15* 10* 15J = weight which costs £1* 

Fourth Example worked out. If 4- cwt. of sugar 
cost £8* 17*8. 6*d., what is the rate per Ton? 

4' cwt. = i of a Ton. .*. A Ton wiU cost 5* times as much as 
4* cwt. will cost. 

£. 8. d. 

8- 17* 6' = value of 4:' met, 
5- 

44' 17- 6- = value of 20' cwt., or 1- Ton. 

The tables of Aliquot Parts will be of service in Examples like 
these last two. 



EXERCISE XCII. 

EXAMPLES IN COMPOUND MULTIPLICATION BY INTEOEBS 

LESS THAN 13" 

Find the 2nd, 8rd, Uh, 6th, dth, 7th, Sth, 9th, lOth, llth, and 
12th Multiples of each of the following sixteen Compound Quail* 
tities, describing each Multiple in writing. 



5- 14-s. 6|d. 
6-11-s. 9Ad. 

7- 3-s. 4|d. Jq. 

8- 15-s. 11-d. |q. 



1- <415-13-s. 8id. 

2- ^743- 5-8. llfd. 
3- Jei542- 16-s. 5d. fq. 
4- ^59-11-s. 7-d.fq. 

How much rice will cost one shilling, 

17* If 3-lb. 4-oz. 8-dr. cost 6d.? 

18- If 2-lb. 8-oz. 2dr. cost 4-d..? 

19- If 1-lb. 12oz. cost 3-d.? 



9- 8fd. 

10- llfd. 

11- 14id. 

12- 20Sd. 



13- 1-s. 4id. 

14- 3-s. 64d. 

15- 5-s. 7}d. 

16- 8-s. 4ild. 



20- If 1-lb. 1-oz. 2-dr. cost 2-d.? 

21- If 11-oz. 4-dr. cost l^d.? 
22- If 7oz. 3-dr. cost I'd.? 



What is the rate per cwt. 

23-When66-lb.cost£3-14-s.llid.? 
24-When28ib.cost£2-19-s. 7|d..!» 



25- Whenl4lb. co8t£l- ISs. 8|d.? 
26-When28ib.co8t£l- 2-8. 7 Jd.? 



What weight of goods will cost £1' 



27 
28 
29 
30 
31 
32 



If 1- cwt. 2-qr. 21 -lb. cost lO's. .^ 
If 3-qr. 13- lb. 7i oz. cost 6-8. 8-d.? 
If 3- lb. 11-oz. 15jdwt. cost 5s.? 
If 4- lb. 6-oz. 14-875 gr. cost 3'8. 4-d.? 
If 7*5 2-3 1-9 cost 2-8. 6-d.? 
If 41b. 15- oz. cost 1-s. 8-d.? 
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What %8 the rent per acre, 

83- At 29-8. 6-d, for 2roodfl? 
34- At 21-s. 9-d. for Irood? 



35- At 17*8. 6-d. for 20* po.? 
36* At 10-8. 9d, for 16* po.? 

What will 1* quarter of a ewt, costy 

37- If 14- lb. cost 3-8. llfd.? 1 39- If 4- lb. cost l-s. lOid.? 

38- If 7- lb. cost 2-s. 5td. ? | 40- If 3- lb. 8- oz. cost 12id. ? 

What is the co$t per ton, 

41- At £1 1- 14-8. 10-d. for 10-cwt.? I 43* At ^1- 6-s. 8-d. for 2'cwt. 2-qr.? 

42- At £7' 17-s. 9-d. for 4- cwt.? | 44- At £6- 14-8. 8d. for 2- cwt.? 

45* How mucb is com per bushel when a peck costs I's. ll^d.? 
46' If a gallon of beans cost I's. IjHl- what will half a bushel cost? 
47- If 2* oz. of tea cost ll^d. what will 1* lb. cost? 
48* If 4* oz. of cochineal cost l-s. 4}d. what is the price per lb. ? 
49' What will a doz. lb. of flour cost when 4* lb. are worth 5id. ? 
50* If a parcel be carried 7* mi. 6* fur. for l*s. 8'd. how far should 

it be carried for 5*s. ? 
51- When 1* yd 3- na. of ribbon cost 7id. what length will cost a 

crown? 

Fifth Example worked out. Fobm of shop-bill. 
Make out a bill for the undermentioned articles, purchased 
at Millport, November 30th, 1858*, by Mrs. Railton, of 
Willis & Co., Drapers and Haberdashers : 8* yds. damask, 
at 2-8. 9'd. per yard; 12- yds. alpaca, at l-s. 7id. per yd.; 
11* yds. ribbon, at I's. l-d. per yd.; 2- pairs gloves, at 
2*8. 8-d. per pair ; 4* doz. buttons, at 7id. per doz. ; 
12' yds. shirting, at 6}d. per yd. ; 9- yds. ditto, at B^d. 
per yd. The parcel was delivered by an assistant, John 
Froude, who received the amount for his employers, and 
dbcharged the bill in their name. 

Millport, Nov. 30«fc, 18*58- 
Jffs. Railton, 

Bottsi^t of anoito $c €o«t 

DBAFEB8 AND HABEBDA8HERS. 

£. 

S* yds, damask, @ 2/9* per yd 1* 

12* „ alpaca, „ 19^. „ .' 

IV „ ribbon, „ 13d. „ 

2* pr, gloves, „ 2/8 per pr 

4* doz, buttons, „ l^d. per doz 

12* yds. shirting, „ 6|d. per yd 

9' „ do, f, Q^d, „ 



Paid, Nov. 30th, 1858* 

yahiL ^tnude, 



£. 8. 


d. 


1- 2- 


0* 


19- 


6- 


IV 


11- 


5- 


4- 


2- 


6* 


6- 


9- 


4- 


10} 


£3- 12- 


104 



^Q£ fWUll& SL /$a. 



* SbilUogs and pence are tbna expreased Ivy men of bnaineaa. 
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EXERCISE XCII. {conHnMd.) 
Make a hilt for each of the following seta of ctmimodiliei, 

mppli/ing natnet of buyir, selkr, &c. 

Sa- A Groceb's Bill. 3-lb. coffee, at ao-d.; S-lli. lea, at ft-a. 4-3.! 
la-lb. moint sugar, at a{d.; 10- lb. rice, at 3)d.i 8' lb. loaf 
sagai, nt T^d.i 0'11>- raisins, at ^±■. T'Ib. (<urrants, at G]d. 

03' A BcTCHER'B Eiu. BibBDf beef.B-lb.atTld.: BhoulderoCveal, 
»■ lb. at ejd.; loin of pork, Il-lb. at Bid.; leg of mutton, 9- lb. 
Bt Bid.; breast of veal, g'ib. at 7'd.: quarter of lamb, 9- lb. 
atS^d.; »-lb. of auet,atfl'd. 

S4' A Statiokbr's Bill. S-quirea !el:ter paper, at 10-d. ; 5'qmres 
black-edged note paper, at 7'd. ; 3' quires piok blotting, at 
1-B. 0-d.; a- boies enTelopee, at S'8. 8'd.; 10- boies sloel 
pens, at I-s. S*d.; ) gross' peu-holdeis, at 8'd. per doz.; 
!■ doz. slates, at Sjd.; ) quire f draning, at I'd. per sbeet. 

B5' A DHiPEn'a Bat. B-yda. flannel, at 17|ii.; 11- ydn. lawn, at 
U'd.; 4-;da. ohintz, at Ifijd.j S-yds. diaper, at 8fd.; 4'pr. 
lid gloves, at 3-fl. lO-d. i 13- yds. ribbon, at lajd.; 8' yds. 
sbirtiDg, at Tjjd. ; ll-yiia. damask, at S's. 4)d.; T'yds. slieet- 
ing, at I9'd.: T-yds. Russia ditto, at 2 « 1-d.; 5'pr. cotton 
slockingB, at I's. iid.; 12 yds print, at 7fd, 

Find the 2nd, Srd, ith, 5th, m, 1th, 8t!i, 9fA, IQth, 
llth, and 12i/t MultipUs of each of the foUwnv^ Cam- 
pound Quantiiiei, daeribmff eaeJi, Multiple tn larititig. 



1-Of U'T.13'ewtI6-lb.ll-QZ 7dr 
B7-Ofl4-lb. ll-oz. 17'dwtB. 13 gr 
SH-Offl'lb. S-J 0-3 a'3 15' gr. 
59- 01 33- yd. 3' ft. 9- in, 81i. 
00- Of 17'mi. 4-fiir. IS-po. 3} yd. 
ei-OflB-yd. 1-qr .1-na. S'in. 
ea- Of fl- E. E. 3- qr. 3- na. If in. 



63 Of34Bn.jd.B-fLa-'8i" 
84 Of 14 oc. 38-po.a9iya. 
85- Of 5- id. a-qr. 8-hn. 3-pe. 
Be'0f4'0 11'5 6'5 i8-». 
67' Of a Julian year. 
88- Of a tropioal year. 
09' Of a lunar month. 



To Multiply any Compound Quantity by a CompotUe 
Nimbei; having Factor* each 1(m than 13' 

Multiply continually by any set of Corresponding Fac- 
tors of the Multiplier. (Pbinciple xi. and pp. 63-, &o,) 

Examples worked out. I. Mulf£18- 14-8. 6id. by42-. 
B II, Find the weight of 63- hhd. each 3-cwt. 2-qr. S 

^h First Eia 

I - 

^1 131 

^1 ™ 
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EXERCISE XCni. 

COKFOXTND MULTIPLICATION BY COMPOSITE 1NTE6EBS. 

Describe each line of the work in writing. 
What is the value 



1- Of 21-cwt at £^- 10-8. 74d.? 

2-Of72-yd8. at9-8. SJd.? 

8- Of 28-hhd8. at £1' 6-8. lOid.? 

4* Of 16*tim8 at ^£13- 13-8. 6d.? 

6- Of lOS-tons at Jei43- lO-s.? 

©•Of24-lb. atl6s. 6id.? 

7« Of 36- sheep at 35-8. 6d.? 
. 8' Of 70'pig8at42-8.? 

9* Of 44* oxen at ^5* 17-8. 6*d.? 
10- Of 132- bales at jC74- 15*8. 8d.? 



11* Of 144- casks at £13- 9s. 5id.? 

12- Of 82- coats at £3- 18*8. 6-d.? 

13- Of 50- hats at 17s. 5-d.? 

14- Of 27- watches at £T 17-s. 6d. ? 

15- Of 110-days'workat5*8.10*d.? 

16- Of 22- flutes at i*3- 18-8. 6d.? 

17- Of 100- packages at 39-s. 9d.? 
18' Of 18- tea-sets at £2- 12-8. 6-d.? 
19' Of 60*scoresatld-s.lid.£ac/i? 
20- Of 49- ingots at i!416- 12-8. 8-d.? 



WTuit quantity wiU cost £l', 

21- If 3-qr8. 12-lb. 7-02. cost I's. 4-d.? 
22* If 3-qr8. 9-lb. 5-oz. cost 1-s. 3-d.? 
28- If l-qr. 22-lb. 6-oz. cost l*s.? 
24- If l-qr. 18-lb. ll'oz. cost 10-d.? 
26- If 221b. 13oz. 8-drs, cost 8d.? 
28- If 7-lb. 9-oz. IS-drs. cost 7id.? 
27* If 4-lb. 9oz. I4*dwts. cost 6-d.? 
28- If 3*lb. 5-oz. 21-gr8. cost 5-d.? 

At what rate per cwt. 

87- Will 81b. cost 11-s. 7^, ? 
38* Will 71b. cost 5-s. 9^^^? 
39- Will 4-lb. cost 2-s. 7| d. ? 

WTiat is the price per ton 

43- At £1- 17-8. 11-d. for IJ cwt.? 
44' At ^3- 8-8. 6-d. fori- cwt.? 
45* At ^1- 15-8. 9d. for 2- qrs.? 
46-At^l- 5-8. 8id.forl- qr. ? 

How much cloth for a crown 

51- If 3- yds. 3i na. cost 4-d. ? 
62* If 7- E. E. 3- qrs. cost 3}d. ? 
68- If 3- Fr. E. 2- qrs. cost 3-d. ? 
64--If Ifyds. cost|d.? 

What would it cost to dig 1- acre 

59- At 1*8. 4-d. for 8- po.? 
60- At 10id-for4-po.? 
61- Atl'8. 3-d. for5-po.? 

Multiply 

66-13-T. 5- cwt. 2- qrs. 15- lb. 13- oz. lOf drs. by 120- 
68' 14- lb. 7-oz. 11-dwts. 13-grs. by25' 

67- 6' lb. 9-5 3-32-9 19-gr8. by96' 

68- 54-8u.yd8. 8* ft. 11*' 5-" by 15' 

69' 4* qrs. 5* bu. 2- pe. 1* gal. 3* qts. by 42* 



29- At 2-qts. 1 -pt. 2-gi. for 4-d.? 

30- At 1-pt. 2-gi. for 3}d.? 
31- At 7- 8U. ft. 9' for 3-d.? 
32- At l-qtlipt for2-d.? 
33- At 1-pt. l-i^gi. for IJd.? 
34- At3fqts. forl-d.? 
35- At 1' 9 l8-gr8. forfd.? 
36- At 2- 3 2-9 for id.? 



40- Will 3 J lb. cost l-s. 5}d. ? 

41- Will 2- lb. cost 3-8. Hid? 

42- Will 1- lb. cost 2-s. 4jd.? 



47- If 28- lb. cost 7-s. lOfd.? 
48- If 8-lb. cost 13s. 4Ad.? 
49- If 4-lb. cost 9-s. ll^od.? 
50- If 3J lb. cost 14s. 6Ad.? 



55- At 2-d. for 2- yds. 3- qrs.? 
56- At IJd. for 1-yd. Iqr.? 

57- At 1-d. for 3* yd. 3ina.? 

58- At id. for 3- qrs. 2jna.? 



62' At 4|d. per po. ? 

63- At 2-8. lOid. for 10- po. ? 

64- At 7id. for 2-po.? 



OOMPOUKD MITLTIPLIOATtOK. 



7l>Tbe fortieth port of n field meaBnred a-r. la'po. ISijds. 

V/bai was the exteut of the wiiole Beld T 
71- What sum of money will Bafflce to paj 35- peraona £i- 13-a, TJd. 

73- What will la- CBL of beef coat Bt £3- a-a. fl-d. per cm. T 
T3- K a-DZ. tea cost yd. whit wiU 5-lb. cost? 

To Multiply a Compound QuanlUy by any Integer greater 
than 12- 

FiiBt. Multiply by the Correapondicn Factors of the 
nearest Composite Number above or below the Multiplier. 

Second. Add or Subtract such Miiltiples of the Mul- 
tiplicand as trill make up, or leave, the Multiple required. 

This process ia preciaelj the aama, io principle, as that explained 
on p. 71- 

Fi&BT Example wobked out. Multiply jE6I4- IB-a. 
4id. by 161- 

Tfaa nearest Composite Nnmber, under ISl-is ISO', of which Ae^ 
Corresjioadlng Factors are S; 6', aod 10'. ^^^| 



eu- 18- i\ 



xlO- + 



= ISI' 



IBM' lO' Ol= 3Leil'18-4i 



■ !)■ 10i = 151't.01'l-l 






737B- 0- lj= ia-t.614'16-lV 



aassa- 9'ioj=ifli-i.oi*-i8-4i 



Second Example wobked odt. Find the weight of 
118' blocks of granite, each 315' cwt. 3' qr8. 17' lb. 
I. Nearest Composite No. above 118- ia lao- 
II. Nearest Composite No. under 118- is lia-;» hut HO- is mora 
t, being composed of tv>o Factom, each less than 12' 
raplB compUtad. Or Ihna ; 



315- 3- 17-=wt.of 1-bloct 

la'XlO-— a' = 118' 

3790- 8- S'=wt. of IS' blocks, 

10- 

a7lH)8' 0' 94- =lrt. of laO' blodta. 

331 ■ 3- 0- = wL of a- blocks. 

a7370' l-18'=«t.otll8-bloekB. 



l7-=wt.of l-blMk. 
10 ' 
JO- a=wt.of lO-hlooka 

n- 

347*0- 0' aa'=wL of 110- blocks. 
3637- 0' 84 ' =irt. ot 8' blocks. 

17876' 1- IB- =irt. oflie- blocks. 



COMPOUND MTJLTIFLICATIOK. 



217 



EXERCISE XCIV. 
Describe each line in writing. 
Find the value of Find the weight, extent^ dtc.^ of 



1- 17-lb. tea, at 4-8. 9id. 
2* 19* yds. crape, at 3-8. llfd. 
8- 23* yds. ribbon, at I's. 5|d. 
4* 29' pairs gloves, at 3's. 3'd. 
5* 43* lb. butter, at 1*8. 2H 
6* 137' lb. pork, at 5|d. 
7* 113-aheep, at £1* 11*8. 8-d. 
8- 97* bales, at £7* 9-8. 4d. 
9* 149' doz. wine, at 5*8. S^d. pr. b. 
10- 1611b. gold, at £2- 17*8. pr. oz. 



11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



71* butts, ea. IT. Scwt. 2qrB. 
89-piece8,ea. 65-yd.3-qr. 2ina. 
37 'days' -journeys, ea. 46|^mi. 
7'lb. 8'oz. 13tgr8. XlOl- 
7'E.E. 3-qrs. 3na. liin.Xl43- 
3- lb. 7' 5 2-9 5'6grs.X13" 
34-su.ydfl. 8ft. ll-'9f' X179- 
28- ac. 3r. 26-po.x31- 
69' tropical years. 
14'hlids. 32gaL lJqtX92' 



WHien the Multiplier is large, the best plan, generally, 
is to multiply by Factors of highest power of 10* con- 
tained in it. Whatever other Multiples may be necessary, 
to make up the one required, can then be readily found. 

Example wobked out. What would 4356* articles 
cost at £3' 15's. Bfd. each? 

Highest power of 10* contained in 4356- is 1000* or 108= 10- X 
lO'XlO* By these Factors, therefore, we first multiply. 

£. 8. d. Example completed. 
3* 15* 8} = cost of 1* article. 
10;^ X 10- X 10- X 4- + 300- +60- +6-= 4356- 

37- 17- 3J= cost of 10- articles. 
10- 



378- 12- 11- 
10;^ 

3786- 0- 2- 
4;^ 

15145- 16- 8- = 

1135- 18- 0- = 

189- 6- 6J = 

22- 14- 4} = 

16493- 16- 8- = 



cost of 100* „ 
cost of 1000- „ 



cost of 4000- 
cost of 300- 
cost of so- 
cost of 6- 

cost of 4356- 



>f 



being 3- times cost of 100* 
being 5- times cost of 10* 
being 6* times cost of 1* 

articles. 



>» 



EXERCISE XCV. 
Ecuih line of the work is to he described in vniting. 

1- Tind the value of 1645* things at £11- 13-s. 44d. each. 

2- What will 34628- uniforms cost at £4- 11-s. 6-d. each? 

8' Ascertain the 11011th Multiple of £3- 17-s. 4fd. 

MultiToly 

7- 3-cwt. l-qr. 18- lb. by 97643' 



4- £6- 11-s. 7id. by 453* 

5- £11- 17-8. 6id. by 3154- 
6- '£21- 12-8. 4 Ad. by 30504- 



8* 8- lb. 9-oz. 7-5dwt8. by 1751* 
9- 24- yds. 3-qrs. 2-na. by 949* 

To Multiply a Compound Quantity by a Fraction, we must have 
recourse to Compound Division. (PbincipIiB xvn.) 

X 
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COMPOUND DIVISION. 

This process is made up of 'Simple Division and Be- 
duction. It is called '* Short " when the Reductions and 
Divisions are worked mentally (only the results being 
expressed), and " Long " when the entire work is written 
out at full length. 

Division is the distribution of the Dividend into lots each equal 
to the Divisor. Hence, (as we have already said, on page 105*,) 
the Divisor mttat consist of units of the same kind and value as the 
Dividend, And, inasmuch as £2866* 13*s. 10*d. comprises three 
kinds of units, namely, pounds^ shillings, and pence^ three kinds of 
Divisor must be employed to divide J928C6* 13's. I0*d., say, by 4* 
For, to divide j£2866* 13*s. 10*d. by 4* implies the distribution 
of the pounds into lots of £4* each, 
of the shillings into lots of 4'S. each, 
of the pence into lots of 4'd. each. 
So that this example includes three perfectly distinct Simple 
Divisions. And, performed independently of each other, these 
Simple Divisions would give us 

£2866- -f- ^-'4- = 716 J lots of £4- each, 
13*8. -7" 4:*s. = 'i\ lots of 4*s. each, 
10-d. -f- 4'd. = 2} lots of 4'd. each. 

But, to fulfil the purpose for which Compound Division is always 
employed, it is necessary to connect the above three processes, by 
retaining only the exact lots of £4* each, and rejecting the half lot 
(£2-), in order to change it into shillings, to be, together with the 
] 3-s. of Dividend, distributed into lots of 4's. each. Bemaining shil- 
lings, if any, will, in like manner, be exchanged for pence, added 
to the given lO'd. of Dividend, and the Sum of these distributed 
into lots of 4-d. each. If any pence remain, they will be exchanged 
into farthings, and distributed into lots of 4* farthings each. We 
thus obtain the answers to the foUovring questions. 

How many exact lots 
Of j64* maybe obtained from £2866* carrying Kemr. to s.? 

Of 4's. may be obtained from rem8- £ + 13's. carrying Eemr. to d.? 
Of 4*d. may be obtained from rem^- s. + lO'd. carrying Bemr. to q.? 
Of 4'q. may be obtained from rems* d.,if any? 

Now, working out this example by experiment with the real 
units (or their representatives), we should distribute J62866' into 
716- lots of £4* each, and have.T£2* left. These £2*, being ex- 
changed for 40-s., would make, with the given 13-s., a sum of 53^s., 
which we should distribute into 13' lots of 4's. each., and have l*s. 
remaining. Changing this shilling into 12* pence, and adding in 
the given 10*d., we should have 22* pence, which would give us 
5- lots of 4- pence each, and 2- pence remaining. Twopence being 
changed into farthings would furnish 2* lots of 4* farthings each. 

The Division of £2866* 13's. lO'd. by 4* being now completed, 
we should have 



716- lots, each £4*, 
13' lots, each 4's. 



10* lots, each 4*d. 
2' lots, each 4*q. 
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Buty the object of Compound Division is, always, to find, not the 
tnie Quotient, but the Fraction of the Dividend which coincides 
with that Quotient, This Fraction is the Reciprocal of Divisor. 
(Pbincipub xvn., and pages 103- and 104- ) 

In the present example, then, the answer required is one fourth 
part of £2866- 13s. lOd. 

To obtain this, we recur to true Quotient, and take 



making in all, 

£710; 13-8. lOH. 

which is the 4th part 

ofX286fl-13-s.l()-d. 



^1* from each lot of JC4.\ making £716- 
I's. from each lot of 4*s., „ 13*s. 

I'd. from each lot of 4-d., „ 10-d. 

l*q. from each lot of 4-q., „ Jd., 

.-. i of £2866- 13-s. lO'd. = £2866- ISs. 10-d. -^4- 
(Principle xvii.) 

The Divisor 4*, not being named as a Concrete Number, must, 
nevertheless, not be taken for an Abstract Number. It cannot 
conveniently be named, because it represents, in succession, four 
different Divisors. (See First Example worked out, in Compound 
Long Division, page 224*) 

^o Concrete Quantity, Simple or Compound, can he 
divided by an Abstract Numbe:r, (Principle v.) 
This is evident from the nature of Division. 

To Divide a Compound Quantity by an Integer, 

First. Arrange Dividend and Divisor as in Simple 
Division. 

Second. Divide Quantity of highest name, and set 
down Quotient. 

Third. Reduce remaining units to next lower name, 
adding in given units of that name. Divide the Sum, 
and set down Quotient. 

Fourth. Reduce remainder, and so on. 

The Compound Quotient (its units being taken as Simple 
Units,) represents also that Aliquot Part of Dividend which is 
expressed by the Reciprocal of Divisor. (Principles xiv. and xvn.) 

First Example worked out. Find -I- of £346' 
10-8. 5fd. 

_ , , , A From the Division of the 

Example completed. W ^^^^^^ g.^ ^^^^^ 

80 346- l6- 5'f ^. ^® ^1^®'/"®^^ therefore, to 

i ? divide 5f d. by 8* 

43- 6- 3^, ^c^,=^\ Dividend. 5fd.-*-8-=¥d.-8-^^d.xJ=^|d. 

■ And if d. -= ¥q. = 2f q. 



Second Example worked out. Eleven equal masses 
of metal weighed in all, 2-T. 12-cwt. 3-qr. 15 J lb. How 
much did each weigh ? 

Each weighed i^ of their joint weight. 

I 2 
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Example completed. 
T. cwt. qr. lb. 

1 1 ' )2- 12- 3- 15i = weight of the whole 11- masses. 

4. 3. q jA =4-cwt. 3-qr. 6-lb. 8-oz. 7f }dr.= ^ of Dm- 
====== dend = weight of 1* mass. 



Third Example wobked out. Nine equal -sized 
gardens occupy together an area of 11 -ac. 3t. 22'p. 47d8. 
What is the extent of each } 

Find i of 11 -ac. 3t. 22*po. 4-yds. 

Example completed, 
ac. r. po. yds. 

9- ) 11- 3- 22- 4- = areaof 9- gardens. 

1 * I • 1 1 • 2 • 2 'ft. 72 'in* = i of Dividend= area of ea. garden. 



Fourth Example worked out. If 1* cwt. cost 
£11- 18-s. 7-d., what will 28-lb. cost? 

281b. = 4 of l-cwt. .-. Divide £11- 18-s. 7-d. by 4- 
Example completed. 
£. 8. d. 

4 011' 18- 7' == cost of 1- cwt. or 1 12- lb. 
2- 19- 7i = cost of i cwt. or 28* lb. 



Fifth Example worked out. If 2'cwt. 2*qr. 12-lb. 
6-oz. 8-dr. cost £1% what quantity will cost 6*8. 8'd. ? 

Example completed, 
cwt. qr. lb. oz. dr. 

3-) 2- 2- 12- 6- 8-=weiglit worth £1- 

3- 13- 7* 8-= weight worth 6-8. 8-d. or i of £1' 



In each of the above examples, what does the Divisor succes- 
sively represent ? 
What is the true meaning of each Quotient? 
What is meant by an Aliquot Part ? 
For what purpose is Compound Division employed ? 

EXERCISE XCVI. 

EXAMPLES IN DIVISION OF COMPOUND QUANTITIES BY 

integers less THAN 13' 

Find J, J, J, h h h h h To, -A#and ^, of each of the followifi^ 
six Compound Quantities. Describe results. 

1- Of £3461- 11 -s. 9-d. 4- Of £73- 5s. 6'd. f q. 

2- Of £7345- 0-s. 4|d. 6- Of £2000- 

3- Of £6143- 12-s. S^d. 6- Of £931- 13's. 7id. -ftq. 
7* If 6-lb. 9-oz. of rice cost I's. how much -will cost 6-d. .^ 

8- What vreight for 4-d. if 7" lb. 8-oz. 6-dr. cost l-s.? 

9- If l-cwt. cost £14- 5-s. lO'd. what will 14-[lb. cost? 

10- If the rent of 1* acre be £4- 7's. what is the rent of 2* roods ? 

11- If 26-lb. 6-oz. 3-dwts. 17*25 grs. cost £1', what weight will 

cost 3*8. 4'd..> 
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12* If 5* lb. 6'oz. 4' dr. cost one shilliiig, how much may be bought 
for I'd.? 
What weight may be bought for half a crown, when 20 -s. will 

purchase 4- lb. 10-5 2-3 2*9? 
Bequired the rent of 16* perches of ground, at the rate of £5* 

7*8. 6'd. per acre ? 
At £7* per acre, what is the rent of half a rood ? 
What will 14-lb. of tea cost, at £14- fi-s. lOd. per cwt.? 
17' If half a stone of fine flour cost I's. how much is threepenny 

worth? 
18* What weight will cost IJd. when 6* lb. 10* oz. cost I's.? 
19* How much sugar is wor^ I's. 8*d. when 2'qr. 3'lb. 4'oz. cost £1* ? 

Find J, i, J, i, J, I, i, i, T^y, T^, and t\r» of each of the following 
nineteen Compound Quantities. 



13 

14 

15 
16 



20 
21 
22 
23 
24 
26 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

37 
38 



Of 3T. 13- cwt. 2qr. 17* lb. 10* oz. 11* dr. 

Of 5*T. 17- cwt. Iqr. 19* lb. 14- oz. 4idr. 

Of 34- lb. 7oz. 8- dwt 13- gr. 

Of 45- lb. 11- oz. 14- dwt. 22Agr. 

Of 13- lb. 6-5 7-3 2-9 17Agr. 

Of 82- yds. 2ft. 10- in. 7-H. 

Of 13- mi. 7*ftir. 21* po. 4- yds. 

Of 16- yds. l*qr. 3na. 2jin8. 

" VE.~ 



Of 13E.E. 3qr. Ina. fin. 

Of 14-Fr.E. 5qr. 3na. lAin. 

Of 33F1.E. l-qr. 2na. 

Of 16%?.E. 3qr. Ina. 2Ains. 

Of 37-su.yds. 8-ft. 2-' 8-" 6*'" 

Of 64- sq.mi. 631* ac. 2* r. 18* po. 

Of 34* qr. 6' bu. 2* pe. 1* gal. 1* qt. 1* pt. 

Of 9- gal. 30 5-5 7-3 31* m. 

Of a Julian year. 

Of a lunar month. 

Of a tropical year. 

To Divide a Compound Quantity hy a Composite Number, 
composed of any number of Factors y each less than 13* 

Divide continually by any set of Corresponding Factors 
of the Divisor. 

FiBST Example worked out. If a cwt. of tea cost 
£24- 15-8. 3*d. what will Mb. cost? 

The cost of 1* lb. being yi^ of that of 1* cwt, we must divide 
iB24' 15*9. 3*d. by 112*, of which Number 4*, 7*, and 4* are one set 
of Corresponding Factors. 
Example completed. 

'4-)24* 15* S- =costof 1-cwt., or 112-lb. 



112' 



7 06' 8- 9f = cost of 28*lb.; being i cost of 1 -cwt. 
4' ) 17- 8^ = cost of 41b.; being f cost of 281b. 
4* 5iV =cost of I'lb.; being i cost of 4*lb. 
T 3 



56 
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Second Example woeked out. Find 5V part of 
13-T. ll-cwt. 2qr. 15- lb. 3Joz. 

Example completed. 
T. owt. qr. lb. oz. 

. 8 )13' 11-2- 15' 3^ dr. 

. 7 )1- 13- 3- 22- 14- 6f =i of Dividend. 

4- 3- ir 4* 51^=6^ of Dividend; being 
==== I of -J- of Dividend. 

Thikd Example woeked out. If 82* yds. 2* qr. cost 
5"s. what length will cost 2'd.? 

2'd.=^- of a crown, or = J of J of a crown. 

Example completed, 
yds. qr. 

6-) 82- 2- = quantity worth 5-s. or 60-d. 



30' 



5' ) 13- 3- = quantity worth i of 5*8., or lO'd. 
2- 3' = quantity worth -gV of 5*8., or 2-d. 



FouBTH Example woeked out. What is the rent of 
10* poles of garden-ground, at 46*8. per acre ? 
10* po. = A (or i^ of i) of an acre. 



Example completed. 
£. 8. d. 



16" 



8' ) 2- 6- 0' =rent of !• acre, or 160* poles. 
2') 5* 9" = rent of \ of an acre, or 20; poles. 
2* 10^= rent of -^^ of an acre, or 10- poles. 



EXERCISE XCVII. 

EXAMPLES IN DIVISION OF COMPOUND QUANTITIES BY 

COMPOSITE DIVISOES. 

Every line of the work to he accurately described. 



1- Find it of ^£415- 11-s. efd. 

2- „ ^of 3-T.17-cwt.3qr. 
3' „ -h of 84-lb. 9-oz. 16-dts. 

4- „ S of 34(5- cyds. 4-ft. 3-' 

5- „ Aof6-lb. 10*5 3-3 

Find the value of V article 

11- When 21- cost £53- 3-s. IH? 

12- When 72* cost £34* 17*s. 6-d. ? 

13- When 28' cost £204* 4-s. 6-d. ? 

14- When 16- cost £218- 16-s. ? 

15- When 108- cost £16598- ? 

16- When 24- cost £19- 16-s. 3-d.? 

17- When 36- cost £63- 18-s.? 
18- When 70- cost £147*? 

19- When 44- cost £1138- 10-s. .f* 

20- When 132- cost £9871* 8-s. } 



6- Find ^ of 436-mi. 6-fur.47ds. 

7- „ -^ of 200-bus. 2-pe. l-gal 

8- „ A of 340 13-5 5-3 
9* )) i+?y of 95-lo. 4*qr. T'bus. 

10- „ xfcof 748da.ll-ho.31-in. 



21- Whenl44- cost £1939* 19'8.? 

22- When 32- cost £126- 12-s. ? 
23- When 50cost£43-10-8.10-d.? 
24- When 27* cost £212* 12*8. 6-d.? 

25- WhenllO- cost £32- I's. 8-d.? 

26- When 22- cost £86* 7*8. ? 
27- When 100- cost £198- 15*8.? 
28- When 18- cost £47* 5-8.? 
29- When 60- cost £39* 6*8.? 
30- When 49- cost £20416- 8-d.? 
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What qtiantity may be bought 

31- For 16-d., when 12* cwt. 3- qr. 18- lb. 9- oz. cost £1*? 

32- For 15-d., when 13- cwt. 1* qr. 9* lb. cost £1* } 
33* For 10-d., when 10- cwt. 8* oz. cost £\'^ 

34* For 7id., when 2- cwt. 19- lb. 14-oz. cost £1*? 

35- For 6d,, when 192* lb. 4* oz. Troy cost £1' ? 

86- For 4-d., when 41- gal. 1- qt. cost £1-} 

87* For 3jd., when 12* gal. cost £1 ? 

38- For 2-d., when 46- gal. 3* qt. 1- pt. cost £1- ? 

39* For 3-d., when 68- 8u.yd8. 8- ft. cost £1* ? 

40- For IH, when 25- gal. 1* qt. 2- gi. cost £1*? 

41- For }d., when 2- lb. 1- 5 2* 3 2'^ cost £1' ? 

42- What will 8* lb. cost at £8- 2-s. 4fd. per cwt. ? 

43- What will 7* lb. cost at £4- 12-8. 2^. per cwt. ? 

44- What witt 4* lb. cost at £3- 13-8. 2id. per cwt. ? 

45- What will 3^ lb. cost at £2* 7*s. 4-d. per cwt. ? 

46- What will 2- lb. cost at £11- I's. 8d. per cwt. } 
47* What will 1* lb. cost at £13- 8-s. 4-d. per cwt. .5» 

48* How much will 1- cwt. 1- qr. cost iat £30- 6-s. 8-d. per ton ? 

49* How much will 1* cwt. cost at £08* lO's. per ton .^ 

60' How much will 3} lb. cost at £464* 16-s. 8-d. per ton ? 

61* What length of ribbon for 4-d. if 47* yds. 3-qr. 2ina. cost 6-s.? 

62- At 121- E. E. 3- qr. for a crown, how much for 3|d. ? 

63- If 66- Fr.E. 4- qr. cost 5-b., what length will 3d. buy? 

EXAMPLES IN WHICH EACH DIVISOR IS COMPOSED OF 
THBEE OB MORE FACTORS, EACH LESS THAN 13* 

64* What sum of money is contained 960- times in £3768- ? 

65' If 1152- articles of equal value cost £15619- 12-s., what is that 

each? 
66* Find the capacity of a cask which will contain ^io of 288-gal. 3-qt8. 
57* What weight must be repeated 256- times to produce 206- cwt. 

2-qr8. 17*lb.? 
58* Multiplier being 168-, and Product 1593-lb. 9-oz. 15-dwt., what 

is Multiplicand ? 
69* Find 7J7 of 21 071 'cu. yd. 12- feet 11 -primes 6* seconds. 
60- Of what quantity are 36697* gal. 2-qts. the 2520th Multiple ? 
61* What weight is iriTy of 97*Tons 11-cwt. 26-lb. 10-oz. 2-dr.? 
62* What weight must be multiplied by 180* to produce 8251* lb. 

6-oz. 16-5 drs.? 
63* Find ^h of 563-lb. 11* oz. 8-dwt. 22-5grs. 
84* Find xir of 478-lb. 6-oz. 1-dwt. 6Hgr8. 
66- Find tI^ of 1426- 5 2-3 l-^ 136 grs. 
66* Find ^ of 3998-leag. 2*mi. Ifur. 34|po. 

COMPOUND LONG DIVISION. 

The process assumes this form, when the Divisor is 
either a Prime Number, or a Composite Number whose 
Factors are inconveniently large or numerous. 

Long Division enables us to exhibit the successive changes of 
unit in the Divisor, and thus to display clearly the true nature of 
the operation, as explained on pages 218* and 219* 
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First Example wobked out. If the cost of 352' 
articles of equal value amount to £6594* 14*s. 8-d., what 
is each worth ? 

Each is worth yH of £6594- 14-8. 8-d. 

And tH of £6594- 14-8. 8.d. = £6694- 14-8. 8-d. -r 852- 
(Pein. IX. and xvii.) 

Example completed. Ciphers expressed. (See page 116* &o.) 

Divr. of £ = 35i2) 6594- 14- 8- ( 18- lots of £352- each. 

3520- (Prin. xit.) 

3074- 
2816- 



£258' remain. 
20- 



Divr. of s. = 352-) 51 74- s. (14* lots of 352s. ea. (Pr. xiv.) 

3520- 

1654- 
1408- 



246' s. remain. 
12- 



Divr. of d. = 352-) 2960- d. (8' lots of 352'd. ea. (Pr. xit.) 

2816' 

144* d. remain. 



Divr. of far.= 352-) 576'q. (l^V lots of 352' farthings each. 

352' (PRIN. XIT.) 

224'q. = Hf or tV of a lot of 362- q. 
"^"^ (Pr. XT. and xit.) 

Now, supposing £1*, l*s., I'd., I'far. and iV of a far- 
thing to be taken, respectively, from each lot named in 
the several Quotients, the collection would make up t^t 
of Dividend. ' 

£. 8. d. £. 8. d. q. £» 8. d. 

.'.^iirof 6594' 14- 8-=18' 14- 8J^,-iV = 6594- 14- 8--rS52- 

The connection of the two results may appear still 

clearer, if we suppose the collection just spoken of to be 

repeated as often as possible, namely, (in this example) 

352' times. Then, 

The 18- lots of £352* each, become 362* lots of £18- each. 
The 14* lots of 3d2's. each, become 352* lots of 14*s. each. 
The 8' lots of d52'd. each, hecome 352* lota of 8*d. each. 
The 1' lot of 352* fars., becomes 352* lots of ^d. each. 
The iV of a lot of 352* £ar8., becomes 352* lots of i^. each. 
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This being done, we should have the Dividend £6594* 
14*8 8'd. distributed into 352* equal amounts, each being 
Trir of £6594- 14-s. 8-d. and = £18- 14-8. 8Jd. ^q. In 
the actual experimental distribution of the money, if it 
lay before us in real coins, the whole of the steps detailed 
above must be gone through. 

The redittribution of the lots furnishes a striking instance of 
change of unit, and of ooincidenoe of numbers, the 18* which at 
first represents lots, afterwards standing for £, &c. 

Pbinciples IX. and vi. are also involved in this part of the 
process. 

18- lots of £962' = 352- lots of ^18- 

Changing the word "of" for the sign X, by Principle ix., and 
reversing the order of the quantities, under Pbinciple vi., we have 

£352- X 18- = ^18- X 352- 

EXERCISE XCVIII. 

Describe each Dividend, Divisor, and Quotient, in writing, 

I' Find tV of £89- Is. 5id., and ^ of £98* 15-s. 7id. 
2- If 23- yds. of ribbon cost £1- 14-8. Oid. what will 1' yd. cost? 
3' If 29* pairs of gloves cost £4* 14*s. 3'd. what is that per pair ? 
4* What is the value of a Dutch cheese of which 43* cost £2* 

11-8. Hid.? 
6' How much per lb. is pork, when 6* score and 17* lb. cost £3* 

5s. 7|d.? 
6* A flock of 113' sheep cost £178* 18*8. 4'd., what is their average 

price? 
7- Find that amount of which £724- 5-8. 4-d. is the 97th Multiple ? 
8* What is gold per oz. when 161* lb. cost £5646' 9*s.? 
9* Hovir much per bottle is that wine of which 149* doz. cost 
£510- 6-8. 6d.? 
10- Find A of 83* T. 8- cwt. 2- qr., and tV of 6863- yds. 2* qr. Ijna. 
11* At what uniform rate per day will a coach travel 1697* mi. 3* fur. 

in 37* days ? 
12' Divide 780*lb. 10-oz. 12-dwt. 2fgrs. into 101 'equal parts. 
13- Divide 47* lb. 4' 5 2*3 2'^ 12-8grs. by 13* 
14* Divide 1112' E.E. 3'qr. |m. by 143- 
16* What area must be repeated 179* times to cover a space occupying 

896* ac. l-r. 22* po. 13^ yd.? 
16' What ii the sixty-ninth part of 25201 'da. 17* ho. 9*min. 9-38ec.? 
17' If 92* equal vessels contain collectively 1336-hhd. 10* gal. 2jqt., 

how much will each hold ? 
18* When Multiplier is 643*, and Product £17352* ll*s. 8d., what 
is Multiplicand ? 

To find any Fraction of a Compound Quantity, 

Proceed as directed on pages 151* and 152* 

First Example woeked out. What sum of money is 
^of ;e346* 18s. 4fd. |q.? 



\ 
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By First Method. 
£. 8. d. q. 
1I-)34618-4|,^ 



Example completed 



3 1 • 10- 9},ft=T^ of Given Sum 
7- 



2-2()- 16- 4^,|f=32rOf Given Sum 



By Second Method. 

346- 18- 4i,i =^of Given Sam 

7- 



ll -)2428- 8-9^ ,4 ={^ of Given 8am 
220- 15-4j,f S=Aof ^*^«°®"™ 



Second Example worked out. What is the area of 
a park which is exactly five ninths of an estate contain- 
ing 348* ac. 3t. 36-poJ 

Example completed. 
By First Method, 
ac. r. po. 
9') 348- 3- 36- = f of estate. 



38- 3- 4- = J of estate. 
5- 



193- 3- 20- = I of estate. 



By Second Method, 
ac. r. po. 
348- 3- 36 =f of estate. 



9- ) 1744- 3- 20- = ^ of estate. 
193- 3- 20- = f of estate. 



.*. Area of the park =i 193' ac. 3*r. 20'po. 

The Second Method is more convenient, as it avoids 
Multiplication of Fractions, unless there be one in the 
given Quantity. 

But the First Method is the D(iore natural of the two, 
and is, consequently, the easier to trace. 

Third Example worked out. What will l*qr. 21 -lb. 
cost, at XI 2- 12*s. 6*d. per cwt.? 

1-qr. 2Mb. = 49- lb. = ^ or ^ of 1-cwt. (Exbbcisb 

LXXXIX.) 

;. l-qr. 2Mb. wiU cost -^ of £12- 12-s. 6-d. 

Example completed. 



By First Method. 
£. 8. d. lb. 



cwt. 



16- 1 ^• )12-12-6- cost of 112- or 1* 
I 4- ) 3- 3-l^ = c.of 28-ori 

15-94,i=-c. of 7- or A 

7- 



5-10-5i,i-c.ofl6-ori^ 



16.j4-I§L_7 



i:: 



By Second Method. 
£. 8. d. owt. lb. 

12- 12- 6-.c.of$, or 112* 

7;^ . 

6--c.of¥,or784' 



)22- 1- lOi-^ cofj, or lee- 
s' 10- 5i,J-c.ofA,or49- 



Fourth Example worked out. What weight of goods 
will 8 s. 4*d. pay for, if 3 -cwt, l*qr. 14 'lb. cost ^61*? 

8-s. 4'd. = i^2- of £1-, .'. 8's. 4'd. will pay for A of 3-cwt, X'qr. 14'lb. 

Example completed. 

By Second Method, 
cwt. qr. lb. 

3- 1- 14- -wt.worth£H,or20/ 
5- 



By First Method, 
cwt. qr. lb. 
12 )3. 1. 14' -wt. worth 20/ or £1- 

1- 3i=wt.worthl/8or£iV 
5^ 

1- 1- 17i«wt.worth8/4or£iV 



12- )16-3-14- =»wt.wth. £f^, orlOO/ 
1- 1- 17^-wt. wth. £^, or 8/4 



T.' , K 
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EXERCISE XCIX. 

EXAMPLES IN MULTIPLICATION OP COMPOUND QUANTITIES 

BY FRACTIONS. 

A. Work each of the following twelve examj)l€8 hy both 
m^hods. 

Describe each line of the work in writing, 

Mniat is the value 

1' Of f of £3164» 11-8. 5id.? 4- Of H of 16-cwt 3qr. 8-lb.? 

2- Of A of £9U' 7-8. 6id.? 6- Of | of U-lb. 5oz. 13dwt.? 

3- Of ^ of X'653- 3-s. lOH f ? 0- Of ^ of 23- yd. 1-qr. 3-na.? 

7- Of 5-lb. 11-5 6-3 29 U-grs.X A? 

8- Of 26- mi. 2- fur. 7-po. 1-yd. XH? 

9- Of 3l-Sc.E. 1-qr. 2-na.XA? 

10- Of 849-8U.yd. 7- ft. 8-'Xf?? 

11- Of 17-bu. 3-pe. 1-gal. 1-qt.Xt? 

12- Of 7-0 11-5 ^'S 29mXA? 

B. Work the next twenty examples by the first metlwd 
only. 

Describe each line in writing. 
What U the value 

23- Of 3t. 20-po. at 2- 3* 0- per ac. ? 

24- Of 1-r. 20-po. at 5* 5- 6- per ac? 

25- Of 2-r. 10-po. at4- 11- fl-per ac? 

26- Of 1-r. 1 0-po. at 3- 17- 9- per ac ? 
27- Of 2q. 7-lb.atl- 4-6-percwt.? 

28- Of3-q. 14-lb.at2-16-0-percwt.? 

29- Of 1-q. 14-lb. at 3- 3- 0- per cwt.? 

30- Of2q. 14-lb.at4-ll-8-percwt.? 

31- Of 1-q. 4-lb. at 6- 9- 5- per cwt.? 

32- Of 1-q. 20-lb. atl- 5- 8- per cwt.? 



8. d. 

13* Of 7-oz. Av. at 15- 6- per lb.? 
14- Of 6-oz.Av.atl3-9-perlb.? 
16- Ofll-oz.Av.atl2-8-perlb.? 

16- Of 13-oz. Av. at 4- 8- per lb.? 

17- Of 1 6-oz. Av. at 1 1- 4- per lb.? 
18" Of 8-qrs. at 17- 5- per yd.? 
19* Of 8-na. at 15-4-peryd.? 
20- Of 5-na. at 12- 6- per yd.? 
21" Of 7-na. at 5-3-peryd.? 
22* Of 9-na. at 13- 5- per yd.? 



Jf 2'cwt, 3-gr. 18'Z6. cost 20-8. what weight may he bought 

B. d. 8. d. 8. d. 8. 



6-? 
6? 



35- 
36- 



For 15- 
For 17- 



33' For 7 
84- For 12 

Jf iryd, 3-gr. 2-na. cost l-«., what length may he bought 



0-? 
0-? 



37- 

38- 



For 13- 
For 3- 



4-? 
9-? 



39- 
40- 



For 0- 
For 8" 



d. 

3-? 

9-? 



41- For 2Jd.? 

42- For 8Jd.? 
48- For 4id.? 



44- For 5-d. ? 47- 

45- For 6id.? 48- 
46* For 7-d. ? 49- 

If 82*paZ. 2*gt. Vpt. cost j£l-, wliat quantity may he hought 

8. d. 8. d. 8. d. 8 



For 7id.? 
For 8-d. ? 
For 9-d. ? 



50- 
51- 
52- 



For 10-d.? 
For 1 1-d. ? 
For 3|d.? 



58- For 11- 
64- For 18- 



8-? 
9-? 



55- 
56- 



For 16- 
For 18- 



3? 
9-? 



57- 

58- 



For 13- 
For 5- 



6? 
6-? 



59- 
60- 



For 4- 
For 9- 



d. 

6-? 

6-? 



THIRD METHOD. 



First. Find the values of the several Aliquot parts of 
Multiplicand which make up the required Fraction of it. 
Second. Add these values together. 
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FOURTH METHOD. A. 

First. Find the value of the Aliquot part of. Multipli- 
cand nearest above the required Fraction of it. 

Second. Find the value of thq Difference of these, and 
Subtract. 

FOURTH METHOD. B. 

When the Difference between the whole Multiplicand 
and the required Fraction of it is a convenient Aliquot 
part of the former, find the value of that part, and 
Subtract. 

These methods are extremely useful: for the values of the 
smaller Aliquot parts can generally be easily derived from those of 
the larger. 

Fifth Example worked out. Find the value of 12-oz. 
Avoir, at XI • 16-s. 3-d. per lb. 

12- oz. Avok. = f lb. = I lb. + ^ lb. = | lb. + ^ of ^ lb. 

We therefore find 
I. The cost of ^Ib., or S'oz.] and then add these 
II. The cost of l^lb., or 4'oz.j values together. 

Example completed. 

By Fourth Method, b. 
£. 8. d. lb. OS. 

4-)l- 16- 3- =0. of 1- or 16- 
0-O|=o.ofi,or 4" 



By Third Method. 
£. 8. d. lb. 

2- )l'16-3-= rc.ofl' 

2-) 18- U=c.ofior8-oz. 

9' Oj= o.of4 or (i of i)lb. or4-oz. 
1- 7- 24= c. of I or 12-oz. 



1- 7-2i=o.of|,oria- 



Sixth Example worked out. Find the cost of 4- cwt 
3*qrs. of sugar, at X73* 13-s. 4'd. per ton. 

Here, for Third Method, we observe that 

4* cwt. will cost ^ of what 1 ton costs. 
2*qrs. will cost \ of what 4* cwt. cost. 
I'qr. will cost ^ of what 2*qrs. cost. 



Example completed; by Third Method. 
Divs. £. 8. d. 



For 4'cwt. 
„ 2-qr. 



» 



I'qr. 



73- 13- 4-=costof 20-cwt.orl-ton. 



14- 14- 8- = cost of 4*cwt., being ^ of cost of 20* cwt 
1* 16* 10-=costof 2-qr., being J of cost of 4*owt 
18- 5*=costof l*qr., being |^ of cost of 2*qrs. 



17- 19* ll' =c. of 4"ct. 3'qr., being sum of above 3 amts. 

Again, for Fourth Method, we notice that 4* cwt. 3'qr. 
are just l*qr. short of 5 -cwt., which is J of a ton. And 
l-qr. = ^ of 1* ton, or -^ of 5-cwt. 
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/. 4'owt 3*qr. = (}- ^) of a ton, or } of a ton-^ of 5 xwt. 
Now, 5'cwt, wfll cost J of what !• ton costs. 
And, l*qr. will cost -^ of what 5'cwt. cost. 
Hence, 4*cwt. 3'qr. will cost the Difference of those 

two amonnts. 



For 5*ewt 



Example oompleted; by Fourth Method. A. 
DiTB. £. n. d. 



4- 
20- 



73- 13* 4' =C08t of aO-owt, or 1* ton. 



18* 8* 4*= cost of 6'cwt., being \ of cost of 1* ton. 
18* 6*= cost of l*qr., being ^ of cost of 6* owt. 



J 7' 9' ll'=c. of 4'cwt 3'qr., being DiflF. of above two. 



Sbvbnth Example worked out. How much beef will 
15-8. buy, if 2qr. 81b. cost £M 

15*8. will pay for J of what £1* will pay for. 



For 10-8. 
- 6-8. 



By Third Method. 
Divs. qr. lb. 



Example completed. 



2- 8-=20-s.-wortb. 



4*=10'8.-wortb. 
16'= &*8.-worth. 



!• 20'=16-8.-worth. 



For 5*8. 



By Fourth Method. B. 
ivr. qr. lb. 



8- = 20-8.-worth. 
16* — 5*s.-wortb. 



1- 20- = 15-s.-worth. 



EXERCISE XCIX. (resumed.) 

Return to Examples already given^ and {describing each 
Une^) work over again 

By 3rd Method: Examples 2-, 7-, !!•, 14-, 16-, 16-, 20-, 22-, 26', 
26% 27-, 80-, and 3l\ 

By 4th Method, a: Examples 18*, and 21*. 

By 4th Method, b : Examples 5*, 6*, and 86*. 

By 3rd Method, and also by 4th Method, a: Examples 1*, 12*, 
24*, and 29*. 

By 8rd Method, and also by 4th Method, b : Examples 17*, 18*, 
23', and 28*. 

To Multiply a Compound Quantity by a Mixed Number, 

First. Multiply by the Fraction, by any of above 
methods. 

Second. Multiply by the Integer. 

Third. Add the results together. 

Bat, if Aliquot Parts are employed to find required Fraction of 
Multiplieand, then Multiply first by Integer. 

Sometimes the work is abbreviated by Multiplying by 
the Integer next above the Mixed Multiplier, and Sub- 
tracting the Difference. (See Fourth Method, b, p. 228*) 

Example worked out. Find the value of 9'cwt. 
8'qr. 14* lb. at £2* 13s. 8*d. per cwt. 
Amount required = £2* 13*8. 8*d. X H* 
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MULTIPLICATION 


BY MIXED NCMBERH. H 




£. e. d. 


0rmn>;bjMalni,w.d8abUi. 


8- 13- 8-=ral.of \ ofl-owt. 




7- 


lof l-owL 


a- ll- S-=VBl.ofl'0«rt. 


i-)18- la- 8-=TaLot'^ 


10- 


a- e- lli=vaLof i oflowt 


■20- 10- 8.=-fll.oflO-CwL 


24- 3' 0'=»al.ofB'owl. 


0- 81=Tal.ofiofl'cWt 


28- 0- lli=TBl.DtBtowL 


26. 0- lli=val.of 


tfJo«t. 


OtlhnsibyUHD 


Aliqnot Puna. 


DiT. 2. ■. d. ^ 


For 3-5r. 


3 


a- 13- B- 

9- 


= oostof I'cwt. ^m 
= coat of 9'ovt. ^H 




84- S' 0' 


„ l-qr. 


a 


!■ ((■ 1(1- = oo3t of 3-.ir., being i of ooBt of l^^M 


„ H-lb. 


a 


13- 5- = coat of l-qr., being 1 of ooBt of a^H 






fl- Hi 


= coat of U-lb., being i of cost of ^H 
= aoatof S-cwt. 3-qr. U'lb. ^M 




ae- u- 111 


EXEKCtSR C. ]^^ 


' EXAMPLES IN MULTIPLICATION OF COMFOUH^^I 


QUANTITIES BV MIXED NUMBEBS. ^H 


Emrt/ line to be descrih.ed in writinff. ^| 


Find iht valae of 


lb. D<-(AV.)£. ■. d. ^M 


!■ 511b. at Iljd. 


21 


11- 1' at a- U- B- per lU^H 


a- 17ilb 


at U-d. 


aa 


4' 3' at 16' 4' „ „:^H 


a- 111 lb 


at ai5-d. 


33 


T' 3' at 5- S- „ «^M 


1' 9) lb 


at 7Id. 


ai 


8' 4' at 1- S- 4' „ „.^H 


0- Si lb 


at 18 Id. 


aa 


Vi- U' at 1- 101 .. »^M 


0- Ifljll) 


at 18id. 


a« 


IS- U- at 9- S- „ J^M 


7- lailb 

8- 3l|lb 


at aa-d. 




T- la- at 1- 9- „ „^M 


at 45<d. 


38 


3- 13- at 3- a- „ „ ^M 


9- lejJb 


at «3id. 


39 


15- 14- at U- 6- „ _ 


10' Oilb 


at aaid. 


30- 31- 16- at 7- 10- „ „ 


11- SAtjds. at Hid. 


31- °7'" o'' i-i- at a* le- y 


par owl 


IS' 11-Ajds. at lild. 
13- lli^rdB. at alfd. 


3a 


14- 3- 0- at 1- 17- 4 




33 


11- a- 7- at 8- 8- 




14' aiAjiis- at aaAd. 


31 


9- !■ 14- at 1- 5- 6 






3S 


3- 1- la- at 1- 10- 4 




IB- lai^jdB. at 4a^. 


38 


4- 3- 30' at a- 0- n 




17' Uilyds. at aaid. 
IS' 17i4yd3. at al^. 


37 


9- 3- ai- at 1«- 4 




38 


e- a- 31- at !■ 3- 8 




i\V aiiyds. at 0*Jd. 


89- 2- 8- a- at 3- 19' 8 




ao- lejydB. St 16fd. 


40- 1- 1- 7- at 0- 17- 0- „ „ 


41' Howmucli eheese ffoidd coat £i- Vs. 8d., if Iqr. a J' lb. eml 


ill-? tfuUiplyiyi-fi. 


4a- How 


m 


ach beef wiU 


±■3-3 


B.B-d.buj, ifl-qr.3-lb.8-oj 


.coaiel*- 



43- What quantilj of beer is worth £7- Ss. 4-d., when I ■bar. SS-gllk ' 
cost £!-; Multiply by 7^. ' 
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L- If 23-;d. 3'qr. I-no. of linea cost & Boverdgn, how macb will 

cost flve gmneae? Multiply by G). 
IS- Supposing Oxe keep of a horae for 4'we, O-da. to cist £2; how 

long codM he be mEdntuned tar £3- IO-b.T Divide by i-. 

Multiplo Quotient by 31. 
4fl' What weight of goodx will coat iO- T-a. e-d., at tbe rate of 

a-cwt. l-qr. ai-lb. for f 1-T 
47- If 30-s. will paj for mannring S'r, ai'po. of ground, what en- 
tent will be laanared for i£^' O's. 3'd. 7 
i9- At tbe raM of 3S-mi. 9- fur. 31- pa. par honr, how far will a 

tmin irsTel in I'ho. 20'min.? 
49- If the fare for a distanea of 41-mi. T-for. be £1-, how far 

should one be convejed for £•1- »-a. S'd.? 
60 If smau'i wages be 17-8. fld. per week, how much will he earn 



n fa-, i 



tvhat 



10' hours to the dayF 
how muoh will oo«l 40b,7 



will 



l-da.7 
SI' If a man must work L) 'da. i3- 

he earn £7- lO's., connlin^ 

Multiply by 3f, 
52- If 13*yd. 3-(|r. 1-na. cost 18-b 

Mult^ty ty 3|. 

To Dieide a Compound Quantily ly a Fraction. 
Multiply by Reciprocal of DiTiaor. (Principle xvii.) 
This process is employed to asoertain the Quantilj- of which the 
given one is a certain FracIioQ. 

For eiample, if we wish to discover the amount of 

■which £342- 15-s. 2id. are f. we must Divide £342- 

IS's. 2\A. by i, the result of wbicb operation will coin- 

cide with the Product of £342- 15-fl. 2\A.Xi. For, 

■■■ { of Required Amount = £342" 15'8, 21d. 

.-. Required Amounty. •■ = £342- 15'a. 2H- (Pb, ix.) 

Then, Dividing both sides of the EiioatioD by jf (Piun. sxiv.) 

Required Amount =£342- 15a. 2id.-^f (Pa. xx.) 

.-.Required Amount =^Zi.2- 15'8. 2id.xf CPb.xtii.) 

FiKST Example wohked out. Five-eighths of a 
certain sum of money amount to £342' I5'b. 2^. ; what 
18 that 6um } 

By Beoand Uethod. 
!' ID' 31=f of Iteqd. Amt. 



. 6W' B- l-= 'Required A 



a-IS TAa- 1' 6' =y of Baqd. Amt 
48- B' 1- =I{eqmred Amt. 



r^ Sbcond Examplb wokkbd out. It 2-qr. 241b. coat 

£1- 8-a. 9'd., what is the price per cwt, ? 



J 
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2qr. 24-lh. = f of Icwt. (Eiekcibe iixxix.), 
.-. £1- 8'a. 9'd. = f of ootl of \- ctol. 
.-. coat of Vcwt. = £l- 8-B. 9-d.-rf. {Fain. ix.)l 
= £1- 8a. 9d. X i. (Pais, iviifl 



Bs Firal Method. 
5- 1 !■ S' B- ^o. of i cwt, or eO'lb. 
S- a'=o, of}Bwt., oria-lb. 

7- 

a- 0- 3-=o,ofl-ont. 



1; asognd Method. 



5' ) 10' I 



{ Quantity hy a Mixed Number. 
Firat. Reduce Divisor to its equivalent Improper Frac- 
tion in its lowest terms. 

Second. Multipljr Given Quantity by Reciprocal of 
this Improper Fraction. 

Tbihd ExiMPLB woEKED OUT. If 9'cwt. 3'qr. 14l 
coat £26- 9-8. lljd., what will 1-cwt. coat? 

9cwt. 3-qt. H'lb. = 9f cwt. = \^ of I'cwt. 

.-. coat of 1-cwt. = £26' 9-b, lljd.-r--ifi- 

= £26- 9-B. lUd. X A 

EKfimple oamplotec!; esonpt thfl u-nrk of the Lang DiviaioD. 
Ky Finl Msthod. Bj Seooiid Matbitd 

SB' S-llJ=C.Of^offl 



EXERCISE CI. 
EXAMFLES IN DITI8I0N OF COMPOUND QITANXITlJ^ 

FBACTIONS OB MIXED NUMBEBS. 
Describe every line in writing. 
!■ Of what sum ara ^£1247- 1-b. 0}d. three lUlbB? 
%■ Of wbat nmount are iiWl^- 3-s. 10id. = t? 

3- If { of a <rd. coat 2-9. ajd. vliBt will 1-yd. castf 

4- If T BitJclsa cost j£4- 2-a. &^i. what will 11- oost* 
What will lib. Avoir, e 



a- If lib. oast 3-s. (t|d.? 


18- If 11-0 


X. cost 8'B. en-f 


B'IfU!b.oo»tlB-3.Ilid.? 


14- If 15' , 


;. ooatlO'.s. 7W.! 


7-IfaiIb. 00Btl3-s. ajd.? 


X6- f 0-. 


:. oo« 4'B. SVW-f 


8-Ifiiilb. 0O8tI9-a. Oid.? 




!. cost a-H. lljd.! 


fl'If4iIb.coflt 8-B.lOid.f 




!. cost 6'H. Sid.t 


10-If7ilb. eoat31-a. BJd.? 
ll-If3ilh.costl7-s. aid.? 


18- f B-i 


1. <!0Stl6-s. e(d.F 


19-Ifl3'o 




la-If&iVlb-costU-a. B'd.? 


ao-ifia-o 


a. cost 11-8. lO-ii. t 
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26- At 2-8. 2Jd. forfyd.? 
27- At 1-8. 3|d. forfyd.? 
28- At 8-8. 7|d.for|yd.? 
29- At 10-8. 2|d. forlyd.? 
SO- At 4-8. ll|d. for Ayd.? 

33- At £2' 11-8. 5fd. for 2t. 10-p.? 
34-AtJei- 4-8. 3Ad. for It. 10-p.? 

£. 9. d. qr. lb. 

38- At 1- 2- 9f for 2- 7- ? 
89- AtM6-llf for 1- 4-? 
40- At 11- 0- for 1-20-? 

lb. ox. £. 8. d. 
46- 11* 1- cost 2* 0- 6J? 

47- 4* 2* cost I* 6* 91? 

48- 7- .3- cost 2- 15- 8A? 
49* 8* 4* cost 2* 4- 0* ? 
60- 12* 9- cost 10- 111 f q. 



yd. qr. na. 



£. 8. d. 



How much ii eloth per yard 

91' When 3*qr. cost 13-8. 0|d.? 
32- When 3-iia. cost 2s. lOH ? 
23- When O-na. cost 3*8. 10|d. ? 
24' When 7-na. cost 2-8. 3^.? 
20* When (HuL cost 7-8. 6^.? 

What it the refU per acre 

81- At £1- 17-8. 7ld. for St. 20-p.? 

82- At £1- 19-8. 6|d. for It. 20-p.? 

What U the price per cwU 

£, m. d. qr. lb. 

SS- At 6* 1- llj for 8- 14- ? 

90' At 1- 1ft- 4i for 1- 14- ? 

87* At 3^ 19^ Sjh for 2- 14- ? 

At what rate per lb. Avoir, wiU 

41' ft^lb. costdSd- 2-8. lid.? 
42- 17|lb. cost £3- 18s. 9Ad.? 
48- lU lb. cost £3- 4s. 5^d.? 
44* 9ilb. C08t£3- 2*8. ll^d.? 
46- 8i lb. cost £3- 7-8. 8fd.? 

What is the rate per yard when 
51* 6A yd. cost £1- 2-s. 9id.? 
62' llAyd. cost £1- 6-8. lid.? 
68- 14Ayd. cost £2- 13-8. 8 Ad-? 

64- 2lAyd. cost £12- l-s. 2T^d.? 

65- ISA yd. cost £3- 19-s. 8 Ad.? 

How mtich wiU I'cwt cott 
cwt qr. lb. £. s. d. 

61- If 7-1- 12- cost 4-19- Sf? 
62- If 14- 2- 0- cost 17- 17- 8-? 
63- If 11- 3- 7- cost 12- 11- OA? 
64- If 5- 1-14- cost 3- 0-11-? 

The Compound Quantity may, sometimes, with advan- 
tage, be put into the form of a Vulgar or Decimal Frac- 
tion, previously to Multiplying or Dividing. 

This method is of especial utility when the Multiplier 
or Divisor is a Fraction or a Mixed Number. 

When the Multiplier or Divisor is large, the Compoimd 
Quantity may be turned into a Simple Quantity by 
Reducing it to the lowest denomination which it contains. 

The result* will, of course, come out in units of this 
denomination, and will require to be converted, by Ascen- 
ding Reduction, into the Compound form. 

FiEST Example worked out. What will 42f E. E. of 
cloth cost, at 5|<i. per yard 1 

* In DiTlsion, the coincideot reault. (Sea pp. 218* and 224*) 

u 3 



66- 15- 2- 3- cost 9- 1- Of}? 
57- 14- 3- 1- cost 2- 14- 7§f ? 
68- 17- 3- 8- cost 7- 19- 11^? 

59- 31- 3- 2- cost 8- 17- ll|? 

60- 16- 2- 2- cost 3- 13- 5i? 

owtqr. lb. £. s. d. 

65- If 3- 1- 12- cost 3- 5- SiJ? 

66- If 4- 2- 20- cost 9- 18- lOtft? 

67- If 9- 3- 24- cost 25- 16- 5ii? 
68- If 2- 3- 6- cost 10- 8- '»^'' 



FirBt. By Vulgar Fractions. 
42f E.E. = a|a E. E. - *|a of l-Jyd. = ip-yd.; 
Cost of H^yi at 5|(L = -^Mi. = *p- 
= Sf^id. = 299,' 



= £1- is. 11, 



id. ^ 



n-i 



Second, By Decimal Fractions. 
42J- E. E. - 43-6 times 1-25 yd. = 53'25yd.; ^^"SSi. 

Cost of 63-25 yd. at 5|d. = 6-625d. >; 53'25 

= 29953125d.; ^^:Sl" 

= £1- 4-8. ii§i ^. ..i^s;^. 

Second Examplb worked out. Multiply £4- 11-s. 6-d. 
by 9864 ■ 

First : By Reduction. 
£4- 11-B. fl-d. X 9864-= 1098-d. x 9864" 
= 108306-d. 
= £45127- lS-8. 
Second : By Vulgar Fractions. 
£4- U-a. 6-d. X 9864- -£4^x9864- 
= £^^ X 9864- 

= £45i27- 16-8. ' 

Third ; By Decimal Fractionfl. 
£4- 11-s. 6-d,x9864- = £4-575x9864- 
= £46 127 '8 
= £45127- 16-a. 

FBOPOSEB DEOIUAL COINAaE. 

By fat the greater part of the time, attention, and 
labour, expended on the explanations, tables, rules, and 
examples occupying pages 173- to 234- inclusive, has been 
exacted from us by the fact that our Concrete Unita of 
Comparison do not proceed by regular Decimal gradations. 

That is M say, ?ach saoh nnit has oot, exactly, on« tenth of ths 
Tslue of the next greater, ani), cousuqiiently, tenfold tjie valae of 
the next smaUer. 

If all our Measures, Weights, and Coins were thna 
decimally arranged, Concrete Quantities of every kind 
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roolil be Added, Subtracted, Multiplied, and Divided as 
Simple QuantitieB are. 

For eiample, if (en of any kinil of Moasnre, Weight, or Coin 
were equivaleul to ont of the next higher Measure, Weight, or 
Coin, then, vbeneTer, in AJditioii ar Muldplicatioa, ire cune to, 
for instance, 73' Contirete Units, al vhatevet kinil, ire shoiild haTS 
tneretj' to " Set dmcn three and carry men." Whereiui, at praasnt, 
73- /arlhingi mmt be divided bj i-. 73- jwMce, bj la-; 13- <Mi- 
2ingi, by ao-; 78- o«7W«, by IB': 73- potindt, by a8'i 73' jaortari, 
Av., by 4- ; 13- evti. by ao-. In the uunB "ay. n Sum or Prodncl al 
ineha must be divided by 12' i fett, by S'or by B- ; lineal yardt, by 
Q| ; M^erjicial yardt, by Wi ; and bo od. 

In Subtraction and Ditiaion we have to Moltipty instead of to 
Xhvide by these different Dumbers. 

Ijk all, there are no fewer than one hundred and three numbera 
7hich it is necessary to remember and tn employ in their torn in 
the eompotation of Compound Qnantilies. 

Under s Decimal System all these one hundred and three nnm- 
bers wonld be displaced by tbe constant Divisor or Mnltiplier ten. 
Concrele Redni^tmn would then be eompiiBed under the two mles 
for carrying (Pageafl'); there would be no "Compound Rules;" 
and, consequently, the time oow demanded for the study and 
practice of IheHe might be applied to Jiigher and more improving 

pUTilUitS. 

The Decimal System is eatablished In France, the 
United States of America, and many other countries ; and 
its introduction into England, for the coinage, at least, if 
not for Measures and Weights, is strenuously advocated 
by many of our most eminent men. both In the scientific 
and commercial worlds. 

Several schemes of Decimal Coinage have been pro- 
posed. The most generally approved is that known as 
"The pound and mil scheme." By this arrangement, 
our Coins of account would, as now, be four, namely, the 
Pound, Florin, Cent, and Mil, each of the latter three 
being equivalent to one tenth of the nest higher. 

Instead of twelve Coins of Exchange, as now, we should 
have ten, namely, the sovereign, half sovereign, crown, 
halfcrown, florin, shilling, sixpence, threepenny- piece, 
cent, and mil. The sixpence and threepenny-piece would 
receive new names ; the former becoming a twenty- five - 
mil-piece, the latter a twelve- and- a- half-mil- piece. Hence, 
by the proposed Change of Coinage, the new coins intro- 
duced would be two; the present coins abolished would 
he/our; and the present coins retained, eight. 
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DECIMAL COINAGE. 

TABLES OF BECIBCAI. COIKAaE. 



10- cents = 1- floria. 
10- florins = 1' pound. 

II. aEDDCTIOtJ TABLE OF COISS OP 



III. COIITS OF EXOHAKOE QSLt. 

flor. OKit. 

A half-sovereign =5- = 50' = 500- , 
A crown = 25 = 25- = 2S0- A 

A half-crown =1-26 =12-5 

A shilling = -6 = 5- 

A Bispenny -piece = -25 = 2'5 
A threepenny- piece = '125= 1-25= 12-5 
Unless, as some propoBB, a half- mil-piece were coined, 
the present threepenny- piece could not, under the Deci- 
mal System, be exchanged for its e.tact equivalent of 
smaller coins, It could, therefore, he only employed as 
an aliquot part of each of the larger coins. 

Table II. shews how simply each of the four Decimal 
Coins of Account could be at once expreEsed in terms of 
any of the other three. 

For example, aay number of mill vould be immediatel; ex- 
pressed 
In Cents, by removnig Deoini ill Point one place to the left; 
In Florins, bj removing Dedmal Paiat two places to the left; 
In Pounds, by remoTutg Decimal Point three places to the left. 
So that, of any line of Digits representing milf 
might read 

Bigit in first plate af Integers, as so man; m 
Digit in seoood place of Integers, „ cenU; 

Digit in third plaoe of Integers, „ JtoHm; 

Digits beyond third place of Integers „ pounds, 

mils. ccKis. fion. £. £. jb. c. m. 

.■.4l653-=4165-3=416'53=41-653; = alBO 41' 6- 5- 3' 
There would, however, be no necessity to write the 
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in four separate columns with the name of each at 
t«p ; for, when expressed as pounds and decimals of £1*, 

Digit in flrat place of Decimals would repreeeiit jJoriw; 

Di^tin Becond place of DeoimaU „ „ ctnti ; 

Digit in third plme of Decimals „ „ miU. 

The Decimal System of Computation has already 
obtained preference in Public Offices and in many of our 
leading commercial establishnients ;* although, with our 
present coinage, the double labour is necessary of re- 
<iucing the amounts to Decimals before computation, and 
of restoring ihe results to the non-decimal form after it. 
(See Page 234'.) Moreover, our actual coinage presents 
these three impedimenta to this practice of Computation 
by Decimals : 

I. Onl; 3I0-, ant of tlie Bin- amounts lesR tban £1', can be 
aecnratalj expressed in DecimaU of ^1' (See Pnge 107-) 

II. Of these 3ID' amoants, decimall) expressed, 100- extend ta 
^i pUces of Decimals, 80' to five places, and 10' to four places. 

III. No Digit beyond first plaoe ef Deoimais of £1' reprosenta 
an exact coin or number of coins. 

But, with the Decimal Coinage : 

t. Gaeh of the lini)- amounts less than £1' irould be an exact 
Decimal of £!■ 

II. No such Derimal would eitend beyond three places. 

HI. Each Digit would represent an eiaot coin or number of 

The opponents of the proposed Decimal Coinage admit 
Its superiority for account- keeping, but they insist on two 
(objections; namely, 

I. That it would be less convenient than our present system for 
xaenlal ciUculatioDfl, 

II. That the several aoin-»alnes would have fewer aliquot parts 
than at pres^nt^ and that, consequently, the exact diTision of them 
would he much more restricted than it is now. 

The first of these difficulties would probably disappear 
as the new system of coinage became familiar. 

The second objection does really hit the weak point in 
the proposed sjatem. 

Its force will be appreciated after comparing the Tables 
of Aliquot Farts of Decimal Coinage, given on nest page, 
with those of the Aliquot Parts of Current Money, on 
page 183' 

-SBBEvidBBcaofMr.Flolwaua.ln Final Report of Beoimtl Colnsge Co»- 
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TABLBU OF ALIQDOT PARTS OF DBOIIUL COINAGB. 



I. Of £1- 


rr Of a iif.-3o» 


n-.Ofahalf-Br 


Vn. Of a half- 


will. 


nib. 




shilling, or as- 


soo- =i 

850- =* 


UBO- .= i 

laS' =1 
loo- =i 


'6a-fi = i" 

as- =i 


(prrasiit 0-d.) 


aoo- =J 


la-B = A 


laB- =i 


oa-6 = i 


5- =A 


la's = i 


100- =A 


60- =-At 


8-6= A 


B' =J 


aa-B = A 


ao- =1^ 


1- =TiT 


S'& = lS 


o* =A 


ao- =«^ 


■6 = Ti^ 




40- =A 


135= A 


V. Of a florin. 




SB- =A 


10- =!^ 






30- =A 




"so- = i 


Vm. Of a qr.- 


ia-B=A 


3-6=Ijj 


2&- = j 


ah.,orlSimil. 






pieee; 






18-5 = i 


(present 3-d.) 


II 


■fi =i5w 


10- =A 

2-5 = A 


"a-B = i 

■5 = ^ 


III. or a crown. 

fae- =) 
ea-ft = 1 
60- =f 
25- =A 
12-5= A 


IS. Of a cenL 

"t- = i 

a-s = 1 
a- =* 
1- =A 


VLOfaahilng 
nib. 




10- ^iV 


86- =1 






laB = 1 


■B = A 




r=i 








3-6 = A 








':.ii 





I 



The whole sptem of Decimal Coinage would have, 
then, 81- Aliquot Parts. Our present Coinage has 122- 

If an BDtirB article cost £1', there are 27- Aliquot Parts of Ihiit 
artdcle, for eaoh of which our actual Coinage will eshibit the esail 
value. (See Page 183-) 

By the Dcoimal Coinage, □nl}' 19' such Aliquot Parts could be 
exactly paid for. 

This would be a eerious drawhack from the merits of 
the Decimal Coinage, were it either necessary or common 
for an entire article to cost an exact coin-value. But this 
is Dot the case, the cost of a measure or weight being quite 
aa h'equently a broken amount as an esact coin-value. 
And when the commodity is likely to be eold in Aliquot 
Parts, a price is filed which is convenient for division into 
those particular Aliquot Parts, so that the coin-valae of 
each may be exact. 
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a reUil pnee of tea, for imtanee, rises uid ralU b; four- 
pences per tb,, bMftUse n diffiirenoe of 4'd. on a pound is euuti; 
one fardiing od an ounce. 

Hence, the Decimal Coinage, superior in all other 
respects, would be as suitable as the present for business 
purposes. 48' mils, for example, would fumish the same 
number of Aliquot Parts as 48" farlhtngi (or 1-s.); wd 
24' rails would be similarly divisible to 6'd. 

Again, when the price of the whole, in farthings, is not 

a mdtiple of 2', the price of i, J, |, i^j, &c., can only be 

paid to the nearest yarMmy; but, under the Decimal 

SjTHtem, it could be computed to the nearest mil, and the 

los s would be less, for any fraction of a mil is smaller 

^Hln the same fraction of a farthing. 

^^Bttctiok of fkes£HI coikaoe to secimai. coikaoe. 

^plipposing the Decimal Currency to be adopted, some 

Tune would necessarily elapse before the names and ideas 

of the prosonl coins would disappear. During this Interval, 

simple methods of Reducing the old coinage-value into 

the new would be in request. 

To find the e^ivalent in Decimal Coina Jbr any sum of 
jtreaenl money. 

This may, of course, be done by Exehcisb Lxxxnn. pnga Hit; 
but ihe following delhod is eaiiier for mEntal calFnlation. 

First. Express the amount in mils. This may be ex- 
actly done, down to threepence, by Tables 11. and 111., 
page 236-. 

Call eachfl- 1000- mils. 

For each remaining Florin, add . . , , 100' mils. 

If one Shilling remain, add 60- mils. 

If Sixpence then remain, add 25- mi!s. 

If Threepence then remain, add 12-5 mils. 

If not more than 6- Farthings remain, 

add for each Farthing 1' mil. 

If more than 6- Farthings remain, add 
12>6 mils C3-d.). and then Subtract 1- 
mil for every Farthing said Remr. falls short of 3-d. 
Second. The amount being expressed in mils, may be 
read in £. flois. cents and mils, as directed on Page 336'. 
We lose ^ of B (arlliing by adding it as ft mil; lud gain the 
same quantity hy lubtra cling it as a mS; but,asnevw more than 6' 
farthings need be sooompuied, the greatest lose eriging would be A 
(or less tbui il of a farthing, s snuUef SBcnHce iban is eonatanlly 
made in small tiansactaons with oui present system of Coinage. 
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With certain odd sums of pence and farthings, the 
Rule just given may be maleriaUy contracted, thus : 

For any Revmindtr 
AtioTe IJd. and onder :Vd.. add 13'6; (3-.L)\ And, then, 
Abora 4id. and nnder 6-d., add aS' ; (B-i) I Sublract I'miitor 
Aboie l(Hd. aod onder l-a., add IH).; (I's.U ever; eitra 
Above QQJd. and luider S-s., add 100- ; (2'S.)) ftirtbiiig added. 

ESA.MFLBS woBEED OUT. Find, in the Decimal 
Coinage, the exact or nearest equivalent to each of the 
following sums. 



4- 5i 6- lU 8- 





1. d. ao. nils. 


900- 


18- 0- or 9-= 900- 


12-6 


1- 9-=50-+26'+I2-5= 87-5 


9126 


.■.19- 9-= 987-5 



1 J = 3- — 5- = 12-5 — 5- nearly, = 7-5 nearly, J 

Here, compnting l)d. as 3'd., \% adding 9' fairthiags: hen 
afterwards sablract 5- mils. 



CJ being !J* less Ihnn 8-, and 6- being = S5-, 

6J = (26- — 3-) mils, nearly, = 22° (or 2' 2-) n 

a. raHi. mil. mtlB. t,. m. jm 

25=12-5 — 1-, nearly, = 11-5 (or 1- 1 j) neBilya 
Beoaose, a(d. = 1' for. less Uibh 3'd. 



1 1 i = 50- — 2-, nearly, = 48- (or 4- 8-) nearij. J 

Eecanse ll|d, = i- fara, less tban I's. 



I- lOf = 2'-5--(100-^5-)in.nearly-<)5-m.(or 9- 5-)n< 

Tin. 
B. d, flo. firs. mile. mtls. m. f o 

7-lli = 4--3-=400--3,nearly=397-(or3-9-T-)u 



0- 0- = 21000. 



i 21- 13- 7i ■= 21680' 



. 54- 6- 4- = 543165 



e, that any number of shlUinga 
< manff hundreds of mlb. 



3 equivalent to 



EXEECISE CII. 

EXAKPLEB IN NOMEEATION AMD BEBTIOTION OF 



A, Sead each of the fallomng numbers of Mils : i. In 
Cents. II. In Florins in. In Pounds, iv. / 
many of the four names as possible. 



le- bilHOO- 

IT- sooiaa- 

18- 71054- 

in- 130105- 

ao- Toeooeo- 



a- liirn- i;a. 

3- i'aiii' 61 f. 

■i- M-t. iii. 



7 HOM) la- 170U8- 

8 10104 13- 10D07- 
11000- 14- 400B8- 

10 aiaae i5- ooiOTU- 

B. Head the following: I. In Mils. 
jji. In Florins, iv. In Pounds. 

► 1- £i- 8-f. 3-c. T-m. 
a- ;£17- 3-f. D-m. 
a- il8- 8c 7-JQ. 
4- ^346- 5-e. 
6- f 74- 20-m. 

o. Reduce the following to the Decimal Coinage. When 
the result is not exactly true, state the 



la- If 
14- 4} 
17- lOi 



To Reduce Decimal to present Coinage. 
Piist, Express the Eimouiit in Founds and Decdmala 
|£1- 



7- &■ 


6- 13' a- 


11- 67- lOi 


16- 


■ 4| 


7- 19- 01 


13- 39- 8- 


17- 




8- 43- HJ 


13- 47- aj 


18- 




9- lli- 5J 


14- 35- 9i 






10- 28- 8J 
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Second. Reduce the Decimals to shillings, pence, and 
farthings. (Exebcisb lxxxv. Page 19I-} 

Examples wokked on. Find the value, m Actual 
Coinage, of £84- St. 4-c. 9'm. ; and of £3' 7'c. 5'm. 



Find (Ji* valiu, i. 
1- Of £743- af. 5- 

5- Of £010' i-e. Tin 

3- Of £M- 8-f. B-m. 

4- or .£30- 0-f. 8-e. ( 

6- or £V5i- e-f. 4-c. 



EXERCISE Cin. 
Actual Coinage, 



8- Of £14' 5-in.; and 08m. 
7- Of IB'f. 43-ia.; and 3148a-m. 
8' Of B43LTle.; and OlUS'm. 
H- Of £43- Olo.; and 415-c. 
I 10- Of £17- 81 f.; and 1743-f, 



Decimal Coinage would be added hy Simple Addition. 
Example wokkbd out. Find the Satn of 43765'n 



1-f. 54-m., £3- ( 
This may b 



m., £17' 543-m., £520- 6-f. 4-c. 7-m. 
a three waje. 

EiamplH Qomploted, 

n. In Pounds, nx. In tbe four Denoma. 



4.3-705 




43- 
0- 


1 




5- 

4 


3- 


II- 


( 


n 


17- 


^ 


< 


3 


6W- 


6 


i 


7 







Tbe first tno of these processes are purely Simple AdditioiH^ 
beoanae "The units added ore uf the same kind and value. (See 
page 3fi-) 

The first may be employed by a person who knows nothing ot 
Arithmetia hejond Simple Addition of Integers. 

The second, which is the Lest method, demands only an acquatnt- 
ance with the Motatlon and NnmeratioQ of Decimal ligations. (See 
pages 18- to ai") 

The third ja, strictly speaking, a Compound Addition, becanBO 
tbe units added have different names. (See page SD-) But, ttaa 
oarrying being invariably one for Een, this also is, virtually, a Simple 
DecimDl Addition, (Fbih. iv.) 

Decimal Coinage viould be Subtracted by Simple JSkA' 
traction. 
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FExampie wobsed out. What would remain after 
extending ;£4- 6-f. 3c. 9m. out of £17' Sc. 8m.? 

I. In Mils. n. In PoimdH. m In the four denoms. 

»FTom 170&8' From ITOiS From 17- 6- B- 8-' 
Take 4fl.^B- Take _4'939 Takt i- B- a- fl- 
Diff. IMlfl- Eem. U-iVS Rem. 13- <■ 1- B- 

Decimal Coinage teould be Multiplied by Simple Mulii' 
plication. 

ExAUPLK 'woBKED OCT. What would 58' articles coat 
8-f. 4>c. 3'm. each? 



I 



8714-|=oostof 8- =Xfl-714 
4aiS<H= nOBt of 60- = JS'Ift 
4eB94-j=oostof 58- = i^-mi 



The Multiplication of the Decimal Coinage would be i 
much more conciae than Compound Multiplication of 
£. a. d. This is evident from the Example just com- 
pleted, where we have but tmo Multiplications and one 
Addition ; whereas, to Multiply £. s. d. by 58' requires 
three Multiplications and an Addition (or Subtraction). 
(Exercise xcit., p. 217') Moreover, these Multiplica- 
tions, being effected by Factors, employ different Multi- 
plicands, but the Becimal Multiplication employs only 

In order to arrive at an accurate eatlmate of the relative 
merits of the two systems as to economy of time and figures 
in Multiplication, we will, compare the Decimal with the 
Compound process, when Multiplier is: 

I. Any Powtr of 10-, as: 100-, 1000-, 100,000- &c 
(Page 530 

Deoimai Coinege ia Multiplied by any Power of ton in one I 
by merely raraoving digits of MulUplioand to the left. (Pein. vi 

Bal, £. s. d. must ba Multiplied conlinually by as majij tens is I 
Uuliapliar has dphera. 

D. C. aavet as many lines, all 6ut one, at MuUiplier ha$ eipliert. 
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w of 10-, as: 50-, 

Decimul Coinage is Multiplied in the aciine nnraber ot iines 
(-^ one line of Addition) as there are Significsnt FigupEs in Mul- 
tiplier. 

The £. B. d. MultiplicfttiDa occupies all tlioae lines, together 
with OH many (uU hut one) for the MoItiplicatlQiis by 10', as the 
Multiplier ban places. 

Deo. Coin. X iSSOOO- in fonr lioeB. 

£. a. d. X 13'2000' in nine lines. 

D. C. iavts (u tivmy lints, ail iut <mt^ a> lS.ult\plxer lias plaeei. 

III. Any other Integer, greater than 20' (and not being 
tLe Product of two Factors each leas than 13'), A4i«B 
3538', 74396' be. ^U 

Multiplication of s. n. bj 7431)6' oocnpiee lix linsa. ^^^^ 

Mulljplicatjoa of £. s. d. b; IHM- occupies ten lines. ^^H 

D. C. lavet ai many lines, all but one, ai Multiplier hoe placet. 
'With D. 0., too, aaaving of figures maj freqaently be effected by 

employing "The Baek Figure Contraction," (Paga 71',) which 

oannol he applied to Multiplioation of £. s. d. 

Than, D. c. is Multiplied in one line by 13-, 14- &c., to IB"; hy 

IQl', lOS', &c. to 111)', and aimilar Nnmbers. 

IV. Any Pomer of -1, as: '01, '001, -000001, &c. 
(Page 53') 

The result of Moltiplying by A = the result of Dividing by 10- 
(PBiNCipr.B xyn.) Hence, To Multiply £. a. d. by '1, we Divide 
by 10' ; and to Multiply £. s. d. by OTOl, (that is, by Taihre,) we 
Divide by lOOOO', which, being effected by the oonlinued Division 
by 10', 10-, 10', and 10-, occupies /mir lines. 

But, D, 0. ia Multiplied by any Power of ■! in one line, by merely 
removing Digits of Mnltiphcand to the right. (Pkib, s., page GO-) 

D. G. saves as many lines, all but one, at Multiplier has placet. 

£. s. d. may be Divided by any Power of 10', as Simple Intsgen 
and Deeinisls are, by removing n. p. of £. as many places to tha 
left as there are ciphera in Divisor, (this is uanally termed "outSng 
off" ao many iigurea from tho right hand of Dividend ;) the £. to 
right of n. p. being then reduced to shillings, will be »imilarly 
Divided; then the pence; then the farthings. The Deoimal pro- 
oefis will, however, still be the more concise of the two. 

T. Any Deoimal Fraction, as : "045, "47632, Sic. 

Here, u. o. is Multiplied, in succoasion, by each Signifloant 
Figure of the Multiplier, and the several Products are then added. 
(Page 71') 

But, £, a. d. must he first Divided continually by aa many tena 
as the Multiplier has places. Than follow as many MulUplicationa 
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•8 MtiKaplier has Significant Figures; and, lastly, an Addition of 
the several Products. 

The MnltiplicatioB of d. o. by *47632 occnpies six lines. 

The Multiplication of £. s. d. by '47632 occupies eleven lines. 

D. G. 8ave$ as many lines as Multiplier has places. 

FiBST SET OF Examples woeked out : illustrating 

THE FIEST THEEE OF THE FOREGOING CASES. Find the 

value of 10000-, of 70000-, and of 74396- articles at 
£9- 5-f. 7-0. 4-m. each; and also at £9* 11 -s. 5}d. each. 

Examples completed. 

L £. IV. £. B. d. 

9-574 = c. of 1- 9- 11- 51= c. of 1- 

10000- 10- 



95740- =0. of 10000-* 95- 14- 9* = c. of 10- 



9-874 = 0. of 1- »"• 7- U- =. 0. of 100- 

roooo- 



95- 


14- 


9* 
10- 


957- 


7- 


11- 
10- 


9673- 


19- 


2- 
10- 


95739- 


11- 


8- 
7- 



n. £. 

9- 
70000' 

670180- = 0. of 70000-f ^'^''^' "" . S! = "• '^ ^'^ 

in. £, 95739- 11- 8- = c. of 10000-* 
9574 = c. of 1- 

JH2t_ 670177- 1- 8- «, c. of 70000-+ 

57-444 = 0. of 6- 38295- 16- 8- == c of 4000- 

861-66 =c. of 90- 2872- 3- 9- = ©' of 300- 

2872-2 =c. of 300- 861-13- lj=:o'of 90- 

88296- =c. of 4000- 57- 8- 1 0i=c pf 6- 

g7O180- = 0. of 70000- 712264- 4- 1- =. c. of 74396- 1 

712267-304 = c. of 74396-t = * 

* D. c. one line : £. s. d. /our lines. f d. c. one line : £. s. d. Jive lines. 

t o. c. six lines : £, s. d. ien lines. 

Second set of Examples worked out: illus- 
tbatxng fourth and fifth of the foregoing 
cases. 

I. The joint stock of a Company being divided into 
10000- shares, and expenses being incurred to the amount 
of £16979- 3-s. 4-d., it is required to find how much of 
this sum should be paid by the holder of 2437* shares. 

II. Find the same person's liability, supposing the 
debt to be £16979- If. 6-c. 

The Debt being distributed into the same number of shares as 
the Stock, namely, lOOOO-, the shareholder in question must pay 
2437- of these, or -2437 of the Debt = Debt X '2437. (Pbin. ix.) 

X 3 
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■0007 of D. 
■003 of D. 
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ie078^!(t=WholeD. 



B0'B3748 = 3U- 
679'ieOl = 400- 

33on-833 = aooo- 

^137-821202 =-a43T- 

= ni37*s-f.a-c. i-anam. 

If the seoond method of find- 
ing -2137 of £16079, 3-a. 4-d. 
pBgeSaO-) bad been era. 



plojed, the work wonld tare oecopieil twelve lines. Try it. 

Dh'ition of Decimal Coinage taould he Simple Division. 
This is BO BTident, that no "Esaraple worked out" is requisite. 
If Divisor be, or contain, a Decimal Friiotion, then Division of 
£, s. d. «iU require as man; more lines than Diiision of d. o. as 
Divisor baa Deoimal Places. For, tbesides the Division,) £. a. d. 
mnsC be ifultiplied continually by as many tens as Divisor has 
Decimal places. For enample, 
lEll- 3-s. 4-d. -7- -0857 = £41- 3-s. 4-d. X TOV Pbin. ito, 
=£41- 3-B. 4-d.xlO-X10-X10-X10--f-W85T' Pmb. xr. 
AlBo, £il- 3-s. 1-d. -H 9-867= £41- 3'b. 4-d. X iUf Pnm- xvn. 
= £41- 3-B. 4-d. X 10- X 10- X 10- -^ B857- Pkin. i 
When Divisor contains no Decimal Fraction, tha two pi 
are about equal in length. 



EX.ERCISE CIV. 

MISCEI.LANBOIFS EXAUFLES. 

Every Hue of the work to be fully explained, in 
All £.. a. d. results are to be given also in £. f, 

13'9. per gal., and sold 40- gal. 



] 



e remsiudcr. Whaticas the Belling 



1- Bought 68- gal. of wine ot 

such a rate as to clear tt 

price, per quart ! 
3- How mui^h a day is £430- 3id. a yearF 
8- A has £84- 16-8. Uid., and B has 7000" farthings. How mndi 

must A give to B bo that they may have equal smouDls? 
Less + \ Hiff. = Oreater — i Bif. 
1- Ont of an income of £900- h year, a man saves al. the rats of 

11-s. 4id. a day. What are his weekly Bxpensesf 
6- How much does he spend in 31- daysf 
fi- Sold 100- i}re. of vrheat at 53-s. S-d., and g^ed thereby £100-. 



HISGELLAKEOUB EXAU7LE! 




^^TT* Baling oloih at 6'b. 3^. per jord, how much 
^^ ll-B. 6-d. per yard, to gaiu £15- ll"s.7 

8' Wbal is the content of a cask of eider, whioli, being full, costs 

£-}- IJ'H. nt i-d. per quart, the cask being wortb JO'S.? 
9' Supposing n furlong of silk tbread lo weigh 9' oz. Av., wbat 
would a similar thread weigh of Hufficieat length to encircle 
the globe. ( See Table, Qeograpbical Meaanre, p. ITT-) 

10- Find the value of IS- score and 10' lb. of port at 4(d. per Ib.j 

aimi Ht 31d., tkt a^d., at \i- mils, and nt 19' mils. 

11- If 1' oz. Troy coat £1- IS-a. O'd., wliat weigbt is worth i&U- 
la-B. 6-d.? 

if one shilling weigh 3dwts, IB^gra., what nillT'oz. n-dwt«. 

14ft gr. of silver be worth! 

h When 14i-ydB. of doth co)>t £ISO-, how much is gained or lost 

per yard by selling it ni a guinea a yard ! 

U* £lUOnO- were bequeathed to a family coasiatiug of four brolheis 

*" and two sisters: and each of tbe latter wa^ to receive £11100- 

lei8 tJian each of the former. Wbat were their respentive 

h A and B together have £1S' 13-a. 4'd., but Ahas twice an much 

Its B. What amonnt has each ? 
I- Divide £14- 8-a. 1 I'd. between two persons, so that the firai | 

may have &-a, 8'd. more thmi tbe second. 1 

[f a Bum of money be eo divided that, for every £5' received bj 

A, B receives £6-, and for every £!r received by B, C gets 

£!■, what ia the anm divided, C's share being £103' ij's. ? 
!• Divide £3131- T-s. 3'd. among 3- persons, so that A sball h 



I 



!. 2'd. n 






. I'd. 1 



thanC. 

f Divide £U3- IB'S. among 7-men 
each man as much as 3" worn 
as 2- boys? (See page 1(12') 
I- Distribute £nj{)- T's. 4'd. among 3- persons, so that B aliall have 
£93- 13-B. T-d. more Chan A, and £-.!l- B-s. 8-d. less than C. 
[q a small farm, the arable portion eiceeds the pasture by 
7-ac. a-r. 16-p., and the pa.'itnro exceeds the orchard ground 
by 'J-ac. a-r. 29'p. ; find the extent of each, that of the three 
being 28'aa. It. IT-po. 
f Bought wine at S's. 8d. per gal. ; but some being lost by leak- 
age, tbe remainder was sold at a-s. 10*d. per quart, and tho ■ 
outlay exactly retamed. What portion was lost? | 

Coit Price = ifo/ Selling Price. I 

_ ,-. QvantiU/ mhieh eoBt 13-d. VHU lold for n-d. 

23* Bought 946- yds. of cloth at R's. 4td. per yd., and sold it so as 
to gain £31' 1-s. lOd. on the whole. What was tbe Selling 
Piice per yd. ? 
84- The owner of ft of BJ times S of a ship, estimolfd as worth 
£4168-, sold a portion worth, at that rate, £346-10-3. What 



Fraoljon A 



1 he still re 

a 1000- doUan, each 6- 



. 3-d.r 



^ In 6M338- half-guineas how many moidorea ? 
'- In 784-67 Ells E. how many yards • Two linet. 
!■ Io74S'7CiEUs F1. how many Ella E.? Oneline. 



a. 8ld.' 



ESAMTLEB. ^^1 

M- In 7WM4-65 yds. howmany Ella E.7 Multiply 6y -8 ^ 

80- What ifl the Diff. beWBen &«*■ moidorea and 7i5- gnineas ? ^ 

81- How many crownn muat lie added M 4363- half-gnineBs H 

make ap btUf as many moidoresr Mvitiply by ft. Whyt 

82- What is the DilT. betweea £01- 13-9. O'd. and tll^JQB- mils.? 
fPori: and Provt tkii Example in tiro may) : 

I. R«diic« (A« D. 0. (o £. «, J. and Sitbtracl. 

n. Reduce £. i. d. to n. c, and Sablraet. 

m. Reduce First Hemainder to d. c. and compare result i^Hh 

Seeimd Remainder, 
IV. Reduei Seeund Rsvtainder to £. $. d, and compare loil* 
Firil RewiindeT. 
93' At ^Id. per lb. bow mach beef conld be bought (or 13-9. 
SI- How nian; lutx each oonsisting of a half sovereign, e 
half-orowQ, a florin, a gioac, and a halfpennj', can 
Irom £13- 18-a. 3-d.F 
3S- Gxpreas H136'3S guineas in £. s. d.; also in sixpences, in 

gcoalB, in threepencea, and in the Decimal Coinage. 
3fl- Change £48- M. 8-c. 7'ni. to £, b. d. 

87- Change £)16- 7-f. 36-m. t* pence. 

Multiply £113-735 by 31D-. (ExEKciBEa Lxcnn. and ixxn.) 

88- What weight Ttoj is equivalent to Sa- lb. lloz. Avoir.? 

Va>.Avoir. = mioriiiofl-lb.Troy. (Paee I80-) 
.'. 32-16, 11-0!. (or 3ai 16.) Avoir. = 33i timet HJ- of l-'fi- Troy. 

89- Chonga 1-owt. 3- qra. ()■ lb. into Troy Weight. 

40- WlutiFonld3'lb. 0-oz. 17'dwt. of gold weigh b; Apotbecariea' 

weight f 

41- B; bov much are 7}lb. of flour heavier than 7i1b. of silver! 

42- How much rhubarb' would just counterpoise two newly-coined 

shiUinga ? 

43- If shillings (of the present weigbt) were made of lead, bow 

many would weigh 1-lb.! 

44- Whiob is the beaviar, 1-lb. of gold or 1-lb. of paper? How 

mncb silver must be added to the lighter to restore equili- 
brium ? How much sugar would do the eaae! And how 
much of any drug ! * 

45- Add together J of S of a Euinaa, f of £!■, and 3-1^ of 14-s. b'd. 
46' If i of a ship be worth £3S' lOs. T^d., what fraction will cost 

£125- 5'a.f 
Firet. Find value of tht whole ihip. 
Second. Find what part MSi- B-(. are of that turn. (P. 138- 

Ex. va.) ProDe result. 
17- A father bequeathed £5000- to his six sons, the eldesf 3 aban 

to be f-ve-fourths of that of each of the jaunger. What 

wp,s the share of each? 
iS- il73- 6b. are divided among B- men and same women, each of 

the latter receiving } of a man's share. How many women 

were there, each man receiving £34- 15b. ? 
ilt- If the property in a pnrisL be assessed ut £43510-, bow mucli 

in the pound must be paid to taiae a poor rata amounting 

to£tfOB-9-s. 3d.? 
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0- A man gaye JS12' 18*s. 8'd. for a certain number of sheep ; bat 
if he had paid 2's. 4'd. a-head more for them, they would 
have cost him £IS' 17*8. -I'd. How many were there? 

»i' If a man earn i£56* per annum, and expend at the rate of 25*s. 
per week, what will be the state of his affairs at the year's end ? 

»2* A careM boy laid by ll*s. in a certain number of weeks ; but 
he would have accumulated the same amount in 6* weeks, if 
he could have saved 5id. per week more than he did. What 
did he save per week ? 

^8* How long was he in saving the 11*8.? 

»4* What is the income tax on JS254* lO's. at 14*d. in the pound ? 

M^ If a bankrupt's debts be £3465* 7*8. 6'd., and the clear proceeds 
of his estate £577* ll's. d'd., how much will he be able to 
pay in the pound ? 
Find what part £577* 11*«. 3-d. are of je3465* 7*«. 6'd. He will 
he able to pay only that fraction of each £1* that he owes. 

\Q' How much will he pay per centum of his debts, that is to say, 
how much for every £100* of them ? 

)7* How many times over can a half- sovereign, a crown, a half- 
crown, a florin, a groat, and a farthing, be paid out of 
£19-17*s. Id.? 

)8* A father purchased for each of his children a cap costing 
8*8. 4*d., a pair of gloves for lO^d., a neck -kerchief for 
1*8. 3*d., and a pair of shoes for 6'S. 6*d. He afterwards 
deposited in the Savings' Bank lO's. for each of them, and 
then found that he had only 14*s. l^d. remaining out of £4*. 
How many children had he ? 

S9* What is the value of I'lb. of tea which is worth dO* oranges, 
70* oranges being worth 42* lemons, at 18*d. per doz. ? 

BO' Find the value of *875 of £7- 7*8. 6*d. 

MuUiply je7*735 hy *875. Or, Multiply £7- 7*8. 6*d. hy f . Or, 
Change the unit, and Multiply i;*876 hy 7f or 7*375. Or, 
Find the value of £*875 and Multiply that value hy 7f or 
7*375. Or, Subtract i of itself from £7* 7*s. 6*d. 

81' What is the value of *584375 of ^ of JEl*? 

Divide jB*584375 &y 11* and find value of remit. Or, Find 

value of i;*584375 and Divide that value hy 11* 
The latter method will apply to all such Examples. The 
former only to those in which Given Decimal is exactly 
divisible by Denominator of Multiplying Fraction. 

e2* What is the value of -10625 of JBIS* 6-s. 8*d.? 

Change unit, and find value of ^6* 10625. Then Multiply hy 
18^ ; because i cannot he expressed as a Terminate Decimal, 
(Pages 139* and 140-) 

Find the several values of 

68- -04583 of £18* 10*s. 

64- -071428 of 14*cwt. l*qr. 14*lb. 

65- -9875 of 5*lb. 5-oz. Troy. 

66- -16875 of ^5* 12*s. 6*d. 

67- -875 of 5*cwt. 

68- -275 of 9* crowns. 

69- -4375 of 7f cwt. 



70- -725 of 3*lin. yds. 

71* *0525 of 4*ho. 15min. 

72* -83125 of 15*ao. 2r. 

73* *625 of 9*moid. 

74* -4453125 of I'fur. 24*po. 

75* -15625 of 11-da. 8*ho. 

76- -61328125 of 3*qr. 2*bu. l*pe. 
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AXLIGATION. 



THE KKXT ABTJ santiB BXAMFL83 AEK iraUALLT PLACED CNDEB 
A SPBCLIL BITLE, CAIXBD " ALLIQATIOS." 

77' How mach tea at Q's. 4'd. per lb. mast be added to I'lb. at 

3's. i-d. to make a niiitnre worth 5'b. per lb? 
The value 0/ Ihe inferioT lea it to be raised SO'd. per lb. Every 

Ih. at 6-1. I'd. addt 4'd, per lb, to value of inferior tea. 

Whyf .'. At many lb. at 6'i. id. must he added ai there 

are fourpeneei in iO-d. 
78- By adding water to rum wortli 13-s. i-i. per gaL the value of 

the mixture was diminiahed to I2'a. 0-d. per gal. ^That 

portion of it wan mm f 
71*' How mncli water in aia^gal. 3'iit. I'pt. of such amiitare? 

80- Seven lb. of tea at 5'b. 4-d. were miied with B-lb. at J's. O-ii. 

and ll'lb. at 3-b, 8'd. Wliat was the mean or average piioo 
of themijitiire? 
Find value of the mhale, and Diaide by Na, of 16, raixtd. 

81- 11 gaj. of brandy at l(t-a. 3'd. are miied with 81 gal. at IS'S. 

and 13' at IT's. B'd. What is the mean value per gallon* 
83- A goldsmith melts together 9-Soz. of gold, 16' carats fine, nith 

S-as oz., aa- carats fine, Bad Toz^ ia-7D carats fine. What is 

the qoidi^ of the compound? 
83' A mixture was compounded of 14'lb. B'oz. of tea at 5's. 4-d.; 

7'lb. 11-oz. at 3'B. 8'd.; 8'lb, T'oz. at 6-a.; and I5'lb. 9'oz. 

at 4-B. What is gained or lost h; selling 35'lh, of the mix- 

FiBST Example worked out. In what ratio must 
meal at 14d. per doz. be combined with flour at 19;d, 
per doz. to make a compound of the meau value of 
per doz. ? 

Tftat lit H'd. raus* he enhanced Hd. per doz. Why . 
But. each doz. at ID'd. eimtributes 2d. toaardt thii enkanoi 
.: For each doi. ratal, take ai many doi. fioar as there are 
in three. 
But, Xo. of («To» in three = 3' -^ 2' = f. (Pbin. rf.) 
.■. Itatioof Quantity ofFlouT to Quantity of Meal = i. (P.148-J 
Bence, For every doi. laeal at 14'd., I- doz. or 1^ dot, 
lO'd.; or, for every 3- doe. at li-d., 3' doz. at lO'd. lauit I 

S' doz. meal, at 14'd. per doz. cost S- 4- 
3- doz. flour, at lU'd. „ „ coat i- 9- 
B- doz. comp. at 17-d. „ „ coat 7' 1' 
In this Example, vb observe that 



19:d, 



.t ll-d. = 3' doz. = 10' — 17- 
,tl8d. = 3'da2. = 17- — 11' 



Quantity at lower rate ^ D iff. of m^an and high 
Quantity at higher rate = Dig. of mean and lojctr mlc.l 
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The same holds true in every siinilar Example. Hence we 
deriTe this simple and nseM Bule. 

When a Compound is formed of two Simples : 
QuanHfy of each Simple =^ Diff, of mean val. and that 
of the other Simple, 

Of oonzse the prices, when compared, must be in the same 
dsnomination* 

EXEBCISE CIV. (rnumed,) 

8i* Whai quantities of a commodity at 3's. and at 6*s. per lb. will 

make a mixture worth 4*8. 8'd. per lb. ? 
86' A oompomid worth 16's. per gal. was made by mixing spirit at 

11*8. 6*d. per gal. with other worth 17*8. 9*d. per gal. What 

part of the mixture consisted of each sort ? 

When more than two Simples are to be combined, take them in 
couples, each consisting of one above the mean price and one 
below it. The Example will then become equivalent to as many 
Examples like No. 84* as there are couples. If there should be a 
gieater number of Simples on one side of the mean value than on 
the other side, the same Simple will, of course, appear in more 
than one couple, for none may be omitted. No Simple must be 
twice employed except in this case. 

Second Example worked out. How many lb. of 

8ngar, at the respective prices of 4id., 5id., 7*d., 7id., 

and 8*d., will constitute a mixture haying the mean value 

of 6 Jd. per lb. ? 

Here are three prices above the mean, and only two below it. 
Consequently, either 4id., or 6\d, will appear in two couples. And, 
therefore, two lots at that price must be employed in the Compound. 

^ Of First Couple, 

At 4i, take \ lb. *.* 7* — 6i = f 
At 7*, take 21b. *.* CJ — 4| = 2* 

Of Second Couple, 
At 4i, take Mb. *.• 7i — 6f = 1* 
At 7|, take 2-lb. *.* ei — 4| = 2* 

Of Third Couple, 
• At 5i, take l^lb. *.* 8* — 6J= IJ 
At 8-, take IJlb. *.* 6i — 5|==li 

PBOOF. 8. d. It is plain that, instead of the quan- 

Ijlb. at 4jd. cost 0* 6 J ties here found, their doubles, trebles, 

2* lb. at 7-d. cost 1* 2- or any other equi-multiples of them may 

2* lb. at 7id. cost 1* 3* be employed. 

l^lb. at 5|d. cost 7i^ To every question like the present, 

Ijlb. at 8*d. cost 10* there are as many different * answers as 

8iTb. at 6id. cost 4- 5f you can form separate sets of Couples of 

-==■ == the Simples, 

* ExdoBive of the equi-multiplea jott mentioned. 
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86' EmployiDg the name kiods of sugar as in the lost Example, 
wbat quaocides would moke the Teqnireil Compoimd, when 
oDupled aa follows. Prove reivltg. 
iBt Set, and Set. 8rd Set. 4th Sot. Olh SeL Bth SeL 
d. d. I rl. d. I d, d. I d. d. I d. d. , d. d. 
4i, 7- 4i, 7- ii, 7- 5i, 7- 61, 7- 5i, 7" 

4i- Ti SJ, 7i 6i, 71 a, 7i Si, 7J 4i, 7i 
Oi, 8- ) Bj, 8' t it, 8- I Bi, H- I 4i, B- ) 4i, 8- 
When tht Mixture it to he a limited Quantity. 
First. Find, iks bcfoie, any net of the Ingredients that 
■would make such a Compound. 

Second, Divide the whole Misture into parts having 
the same ratios as the numbers thus found. (See pages 
158' and 159") 

Third Example worked opt, WLat quantities of 
currants at the respective prices of 4'd., 6'd., 9'd., and 
ird,, per lb., will compose 120-lb. at B'd, per lb. ? 

Such a Miittnre wnnld he made by combining I'lb. at 4'd., witb 
4-lb. at U'd., 3'lb. at B-d., and 3'lb. at lid. 

So that, DDt of everj 10- lb. there would be 1-lb. (or ^ of tjie 
whole) ftt4-d,, 40. Ac. '^^^ 

Hence, when the Compound weighs 120-lb., ^^^^| 

No.oflb.Bt -t-d.^^of ldO-lb. = ia'lb. ^^H 

No.of!b.at 0'd.= f of 13(l-lb.=4B-]b. ^^H 

No. of lb. at 6d,=A«>f iao-lb.=9tflb. ^^H 
No. of lb. at ll-d. = i of Xaolb. = iU-lb. ^^" 

B7- Piove the last Example, and then find another Itesult 
S8' Two qnatilieB of a commodity, respeclJTslj worth B-s. Q'd. and 
lO'B. per lb., are mixed, and form a Compound of l^cwt. 
worth 8'B. O'd. Haw mnch of each? 
88- How much gold of 17-, IH", Z'i-, and 34- caratH fina mnsl be 
melted logethar to form a mass weighing Elb. I'oz, B'4grs. 
SI- carats fine? Prove lUavlt. 
90- A farm, oonsistiog of 187'fto. 908po., is worth, on the avarage, 
a rent of £1- S's. fl'd. per acre. It is (Composed of two sorta 
of land, worth, reapectivelj, IT'S. B'd., and 34'a, 8'd, per acre. 
What extent is there of each quality r 
FouKiH ExAMPtB WORKED OUT. How niHch wine at 
5's., 6-s. 6-d.,and 6-s. per gal. must be mixed with 3-| 
at 4-s, to make a Compound worth Ss. 4'd. per gal. ? 
Mere, one of the ingredienti u a limited guonttty. 
A Composition worth 6's, 4-d. per gal. would be formed of 1| 
at4-s., l-ga1. atfia., a-gol. at t>'H. 6'd., andS'gal. atG's. 
Qaantity at 4-3. = J of the wbole. ,-. 3' gal. X 6 



auUt; 



= IS- gals. 

Qaantity at 5-a. = i of 18- gal. = 
Quantity at 5s, e-d. = j of 18- gal. =o- gal. 
QuantJtj at 0-s. = i of 18- gal, = 6' gal. 



= 3-gaL 
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91' How many women does a fiarmer employ at 8*d. per day, if, 
with 16* men receiving each l-s. 9'd. per day, the average 
wages of the whole are 16*d. per day? 

02* Giving to each of 32* men 2's. each, and to 22* boys 6*d. each, 
to how many girls do I give 8'd. each, to average 14^.? 

The name ** Alligation" (which means "a binding to") 
was given by the old Arithmeticians to the Rule of which 
the foregoing are Examples, because they used to link the 
members of each couple together by a curyed or crooked 
line. 

They also divided Examples of this kind into four 
classes. 

I. Alligation HediaL When the price and Quantity of 
ioch Simple are given, to find Mean Price of Compound, 

Examples 80*, 81*, 82*, and 83* 

n. Alligation Mternate. Given, Mean Price of 
Compound and price of each Simple, to find Quantities of 

the latter. Examples 78*, 84*, 85*, and 8^* 

IIL Alligation Total. Given, as in last case, but the 
Compound to be a limited Quantity. 

Examples 87*, 88*, 89*, and 90* 

17. Alligation PartiaL Given^ Mean Price of Com- 
pound, price of each Simple, and a limited Quantity of 
onej to find Quantities of the others. 

Examples 77*, 91*, and 92* 

PBAOTIOB. 

This is the name given to a process by which the value 
of a large number, at a comparatively small rate, may be 
more neatly and expeditiously computed than by direct 
Multiplication. 

" Practice " is founded on Principle vi. and the change 
of unit. 

Suppose it be required to find the cost of 5437* yards 
at 9 Jd, per yard. 

Cost of 5437- yards = 9fd. x 5437* 
But, 9f X5437- = 5437- X9f. (Pbin. vi.) 
.*. 9Jd.x5437- = 5437-d.x9f 
Where the Units of Value (9id.) are changed into Multi- 
plying Units, and the Units of Commodity (5437* yards), 
previously employed as Multiplying Units, are changed 
mto Units of Yalue. And we thus gain the advantage of 
working with a smaller Multiplier. 
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Firet. Change Units of Commodity into any convenient 
Unite of Price. 

This will espresa the value of the whole at that price 
each. 

Second. Multiply by the number of those Unita of 
ABsumed Price confained in Given Price, effecting the 
Multiplication, when it can be bo done, by taking Aliquot 
Parts. (See pages 227' and 226') 

FiBST Example woeked out. What will 5437- yd. 
cost, at 9;d. per yard ? 

Ab the S437' yd. may he changed into "^ny conveniml 
Unit* of Value," this Example may be worked in a variety 
of ways. For, value of 5437" yd, at Sfd. per yard. = 
Ut, 5437-farB. x39-; ■.- As. Pr. 1 f; Giv.Pr.39-f. 
2nd. 5437peneex9f; ■-• As. Pr. Id.; Giv. Pr, 9Jd. 
3rd, 5437shg8. xHl ■-- As. Pr. la.; Giv. Pr. i|*. 
4th. 5437aova.*XBV^; v As. Pr. £!■; Giv. Pr. £j^ 
dth, 5437-thteepenceax3i. 6th. 54 3 7 -sixpences XU- 



&c. 



&c. 



&c. 



The first four of above schemes being the most simple 
and piacticBlty useful, we shall work out the Esample of 
each of these only, 

Enniple cdmpletsd. 

Bi/ 1st Sehetne. Attunud Price one /arthinjf per y 
al37-=v»lue of 513T- jd, St 1 fur. or Jd, pet ji 

4^933' =VB]De of S437-rd. at ^ ttz. or Sii. pet ji. 
11131 1» =v«loe of 5187- jd. >l 30- tu. or T^. per jd. 
4iai*Ji3-=T«loB0f 5i8J-yd. sl39-&r. or Vfd.p«r}nL 
ia-153010Jd. = Ditto, in pence. 
afr )141T-a. Bid. — Ditto, in shillu^ and pecM. 
£aaO' lit. «id . = Ditto, in £. s. d. 

By 2ik' Sdeme. Auumed Pritt km fUMg pir 

(kMT- — oott of W37-jd. U 1- d. r« J^ 

g* 

,f.<J]B4— «»lo(M37-!^M id.pcij4.— } cfeosirt ji 
' •jt HWa'^ i^ort «l M37-rd- al ftfA. V^J^ 
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Or tfau: 

6487* ooBt of 5437* at 1* 
0- 



||A|480dd- eoBt of 6437- at 9* 
I I 4077f eoBt of 5437- at f 

68010ff cost of 5437* at 9| 



Or that : 
d. d. d. 

iM54370* cost of 5437* at 10* 
I I 13591 cost of 5437- at i 

530I0| fcostof 5437«at Of 

• PrINCIPLB Till. 

f The reaaltfl are left in pence, to 
be reduced, as before, to £. a. d. 



By 9rd Scheme, Assumed Price one shilling per yd. 

d. a. d. 



n 



5487* - cost of 5437' yd. at l*s. per yd. 

3718' 8' cost of 5487- yd. at 6-d. per yd.; being ^ cost at I'S. 

1859' 8- coat of 5487* yd. at S-d. per yd.; being | cost at 6'd. 

889' 9f cost of 5437* yd. at f d. per yd.; being | cost at 3'd. 



90«)4417* 6f cost of 5437-yd. at9| d. per yd.; being H cost at I's. 



d. 
8 

f 



I 



JSa20' 17*8, 6|d . Ditto, in JL a. d. 
Or thnat 

0487* 0^ eostof543'7*atl-8. 
1859- 8- cost of 5437- at d-d. 
cost of 5437- at 9* d. 



4077- 9 
889- 9f c ost of 5437- at |d. 

80 ')4417- 6|co8tof5 437- at Ofd. 

M220' 17-8. 6fd. 



d. 
3 

i 



Or thus: 



5487' 



d. 
0- 



1359- 3- 
8- 



0O6tof5437-atl-6. 
cost of 5437- at 3'd. 



4077- 9- cost of 5437- at 9- d. 
339- 9| cost of 5437' at |d. 



4417- 0|costof5437-at9|d. 



Or thoa: 

yd. 

c. of 5437- at 



I'S. 



5487- 
13' 

|6- )70681- c.of5437'atl3'8. 
20- )4417- 6fd.c.of 54 37- atjf s.* 
. £220- 17-8. efd. 



• ■^0fl3'=it0f 1- PB.XVI. 



Or tboa: 

5437' 0- c. of 5437- al 1' s. 
906' 2' c. of 5437- at 2' d. 

4530- 10' c. of 5437' at 10' d. 
113' 3i c. of 5437' at id. 



20' )4417' 6fc.of54 37-at 9id. 
£220- 17's. 6|d. 



d. 
6 

8 

* 



By 4ith Scheme, Assumed Price £1 * per yd. 



i 



£. 
5437- 



8. 
0' 



d. 
0- 



cost of 5437 



at £1- per yd. 

cost of 5437- at 6- d. per yd. = ^ cost at £1* 
cost of 5437* at 3* d. per yd. = | cost at 6'd. 



135' 18- 6- 
67' 19* 3- 
16- 19- 9f cost of 5437- at fd. per yd. = i cost at 3'd, 



£220- 17- 6| cost of 5487- at 9id. per yd. =^oost at £1* 
Or thus: Or thaa: 



d« 
3- 



7 



£. 

5437- 



a. 
0- 



d. 
0- 



67* 19- 



3- 
3' 



yd. 
c. 5487* at £1' 
c. 5437' at 3' d. 



203- 17* 9' c. 5487* at 9* d. 
16- 19* 9} c. 5437' at }d. 



220- 



17* 6fc.5437'at9}d. 

T 2 



8. 
1- 

d. 

3- 

i 



A 



£. 8. d. yd. 
5437* 0' 0' c. 5437- at £1' 

271- 17* 0* c. 5437* at 1-8. 
67* 19* 3' c. 6437' at 3- d. 



203* 17' 9' c. 6437* at 9- d. 
16' 19* 9} c. 6437' at id. 



220' 17-~6|c.6437*at9}d. 



m 



16- IB- 0ic.St37-at Jd. ' 
13' 

2ao- 17- Sj c. M37- at 9JiL 



■ 0- c.5437'at6-B. 
■10- c.H3T-atlCd. 
;^c.5437'at Jd. 

■ e3c,6437-ttt9id, 



EXERCISE CV. ^_ 

Every Example to be worked in, at least, two loayt, ^^H 
Every line of the work to be deserihed in viriling. ^^H 
Find the value af i. ^^H 

b. A. ft. a. ,i. i.. 

IfiSi- at 19- 
3S16' Bt 30- 
73*5- at 21' 



1- TMS' at 1- 


7' 9052- at 7' 


13- 5483- at 13' 


Ifl' 


2- 9371- at 2' 


8' 3146' at 8' 


14- 9884- at 14' 


m- 


3- 6S13' at 3- 


8- 843S' at 9- 


IS- 6315- at 16' 






10- 7517' at 10- 


16' 9«31'atlS' 




&■ 3261' at 6- 


11- S438'atll- 


17' 3186- at 17' 


?.3- 


6- 1832' at 6' 


12- 70S8- at 12- 


IS' 5843' at IS- 


24- 



2' 7213' at 

3' 741S- at 

1' 341S'Ht 

6- B478- at 



11- 7381'atdi 
12' 6162- at 7i 
13' 71S4'at2{ 
14' 937S' at ii 
16' 849S- at 5( 



6- 8370atll'16' 1617- at 6. 

7- 3710- at 2i 17- 60ai-at7^ 
8' 5B32ata| 18' 1606- at 84 
9- 1597' at 31 19' S83B- at 6| 

10- 8486' at 4J I 20' 3718- at 3| 



21' 5931 


at 3| 


31 


6543- at 9 


22- 8264 


at 4- 


32 


8765- at in 


23- 9254 


at 1 


•Ai. 


2198' at B 


24' 6273 


at 5 


M4 


987fl'Bt 8 


25- 272f 


at a 


3/ 


4321-atlfi 


26' 727S 






7468- at 11 


27- 9495 


at 8 


33 


5044- Bt 11 


3B- 3216 


at 10 
at 11 






28- 647S 


Kf 


RS«1- .** 


30- 1B87 


at 8 


40 


,m-m 



Second Ex&hfi:I: wokked out. What will 98i 
cost, at -id. per yd.? 



i a. ya, 

i|tl 984(1- coat of 9818- at 1' d. 
m 2161^ cost of 9840' at ^A. 
I I 1330} cost of 9846- at Jd. 
IS' iaeoajeoatof Bb4S' at |d. 

ao')807-B. "■■ 



I 

8t^ 

at Id. 



£16- : 



■ Bid . 



\\ 9846- coBtof 0B4fl-rt: 
i 4923' cost of 0840- 
I 1230} coat of 0848- 

369'Ji float of 9616- at %i. 
Or Ihna: 

9646' cost of 0848- at I-d. 
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1 
2 

4 
6 

6 

7 
S 
9 
10 
11 
12 
18 
14 
16 
16 

17 
18 



EXERCISE CYL 
Work variously. Describe lines^ Find the value of 

A. 

yd. 

2148* 
3259- 
4362- 
6473- 
6584- 
7696- 
8764- 
7653- 
3846* 
9368- 
9692- 
6438- 
2563- 
4359- 
9648- 

3287- 
8654- 
4359* 






atlOi^ 
at 7f 
at 5f 
at 6A- 
at 8| 

at 9tV 
at 11^ 



lb. s. 

1* 984- at 1* 
%' 768* at 2- 
* «• 472- at 4- 
' 4* tf54- at 5* 
5- 871- at 10- 
e^* 868' at »• 
7-* 698- at 16- 
fi** 287' at 3- 
9-* 945- at 6- 
10-* 468- at 7- 
.11** 759- at 9- 
12-* 594- at Il- 
ls- 821- at 18- 
14** 644* at 14* 
16-+ 793- at 16- 
16- 886- at 17- 
17-+ 289- at 18- 
18-+ 982- at 19- 
19-* 406- at 12- 



20- 
21- 
22- 
23- 
24- 
26- 



yd. 
450- 
325- 
555- 
986- 
812- 
765- 



B. 



at 
at 
at 
at 
at 
at 



8. 

2- 
3- 
1- 
1- 
!• 
6- 



26-«493- 
27* 645- 
28-* 540- 
29-* 783- 
30-* 900- 
31* 488- 
32.+ 866- 
33-+ 612- 
34-* 405- 
35* 843- 
36-* 285- 
37-* 438- 



atll- 
at 3- 
at 6- 
atl2* 
at 7- 
atl3- 
atl7- 
atl8* 
at 2- 



at 
at 
at 
at 



2- 
7- 
9' 
7- 



d. 
6- 
4- 
8- 
4- 
8- 
8- 
3- 
9- 
3- 
0- 
6- 
4- 
6- 
9- 
11- 
1- 
4- 
2- 
4- 



38-* 698 

* The price in this Example is the Sam of 
•f The difference between this price and £\' 



cwt 
6148' 
5037- 
4259- 
7164' 
2859- 
1564' 
9863* 
8143- 
6031- 
7104- 
3266' 
50- 5654- 
61- 3721- 
1608" 
4321- 
3458' 
2643' 
7154' 
6287- 



89 
40 
41 
42 
48 
44' 
45 
46 
47 
48 
49 



52- 
53- 
54- 
65- 
56- 
57- 



£. 
atl* 
atl* 
at2' 
at2* 
at 6* 
at3* 
atl- 
at2* 
at2- 
at4* 
at2* 
at2- 
at3- 
at8* 
at6* 
at4* 
at5- 
at2' 
atl- 



8. 
1- 

a- 

6- 

4- 

12- 

6- 

19- 

5- 

2- 

11- 

13- 

5- 

11- 

16- 

11- 

7- 

16- 

2- 

1- 



two Aliquot Paris of ill* 
is an Akqaot Part of £\' 



d. 
11- 
Hi 

8- 

7i 
4- 
6- 
9- 
4- 
8f 
8i 
8i 
104 
10- 
5- 

34 
9f 

2i 



Shares. £ 
435- at i 
964- at f 
743- at I 
620- at \ 
400- at i«tf 
6- 360- at ^ 



1" 
2- 

8 

4< 
6 



Shares. £ 
7- 225- at ft 
8- 848- at if 
9- 515- at tt 

10- 748- at 9i 

11- 432- at 4i 
12- 698- at 7| 



c. 

18 
14 
15 
16 
17 



Shares. £ 
' 511- at Hi 
' 420* at 14| 

• 889- at 15f 

• 248- at 13i^ 

• 157- at 19A 
18- 266- at 25A 

T 3 



Shares. £ 

19- 375- at 42ii 

20- 484- at 3lM 

21- 593- at 75J 

22- 963- at 68f 

23- 694- at 95f 

24- 602- at 17}i 



J Example woasED orr. What will 435} yd. 



cost, at 6^d. f ei yd. ? 

Flrat Soham«. *™*"'' ' 
d, /. H. d. ji. £. 

0-]M 43S- 12- 8' ciSSfatl- 

lU 10- 17- B| 0.435UtB- 



217- 9i cisafnte- 

37- aji c.435jat f 
13' a- iM_ a- isai at Bl 
■e may Multiply' bj ft ■.- BJd. = As. 
The Assumed Price, and tbe Mulliplier also, may, wtiea 
convenient, be expressed in Decimals. 



id Sohcme. 
d, yd. 

7i* c. .IS&f at 



o.43Bf atl- 



■OnaiTBiaS e. 435J at -OOOOOB 
-052270 o.<t3a|at'O00La 
3-483 c. 4361 at -OOB 

6-7 laS 0.1864 at -03 

£l2-m9bSl25 0. 43af at -028126- 



Fourth Schema. 



.tl- 



-2!78lase. 435Sat 

■87135 0. 135iat 

38-1376 c. 4361 at 

217-8165 (1.4351 at 

, a45-Q3aoa3& o. 435 J at" 

iTolfd. (Es. L 



^iEla- 5-a. OJJd. (Ek. Lsxiv.) ^ 

• fljd. = .£oa8ia5(Es. tsxiTtii.) +ojd.=-5«ao( 

Sometimea the Assumed Price only is taken i 
mals, the Multiplier Tetaining the form of a 
Fraction or Mixed Number. 

Fifth Sobeme, Blilh SohemB. 



Vulgu 



435-61 



o.433fal 



40 -)3930-C25 c.435Jftt^- 

8- )9S-l)lBn3a c.43B|atj;H 
igl3^6iaS3lafio.435iat6ia 



435(135 



I 



t- >33aQ-6a5 o.435|at S-R 

e- )4BU-078i3a o,435iatlSiJ. 
6 .345-031)0(125 c435|at 8Jd. 



■ Bfd.^stBOt £!• 3W-=40. 

Or, after the Change of Unit, the process 
carried out by Vulgar Fractions. 

SBiBntli SchBine. 
Coat of 435jyd. at Bid. = 435Sd. X 6* = Mr*d. : 

= £12- 5-B. OiJd. 
Eighth Sohame. 
Cost of 13B(yd. at filtL = 435S9. X A = *¥*i. ) 

= ,eia- a-'a. OHi 
Ntnth Bdheme. 
Coat of 435S yd. at Bid. = £436 J X sSs = j6* V* X i\ 

=^ia< 5-B. OHd. 
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Compare the latter three sohemeB with Examples worked oat 
fm Pages 238- and 234* 

f 

PBAOTICE OISTINOTTISHED FBOM COMFOUND 

MULTIPLICATION. 

- Aliquot Parts being employed in Compound Multipli- 
cation as well as in Practice, these two operations are 
.frequently confounded.* The distinction between them 
iSy however, broad, and should be carefully noted. 

In Compound Multiplication we commence with given 
value of one article; and, then, each successive line shews 
real value of a different number of articles at the given 
rate each. 

In Practice we start with value of the whole given 
nmnber of articles at an assumed rate ; and, then, each 
line of the work expresses the value of given number of 
articles at a different rate. 

Multiplication shews true values of a succession of 
.Numbers of things at a uniform given rate. 

Practice exhibits a succession of values of the same 
Number of things, at various assumed rates. 

FoTTBTH Example worked out. Find the value of 
819* cwt. 3- qr. 16- lb. at £2- 12s. 6-d. per cwt. 

Example completed. 

r. By Multiplication, ii. By Practice, 

£» s. d. £, 8. d. cwt. qr. lb. £. 

•2- 12* 6* T. I'cwt. 319- 0* 0* ▼.319- 0* Q-atl-percwt. 

10* 10' 0' ▼. 2- 0-atl-percwt. 

ae- 5- O-Y. lO-cwt. 2. 0. ^, 14-atl-percwt. 
f* mr. ^ ▼• 2^ at r per cwt. 



105' 0' 0- V. 40-cwt. 10/ 

8- 



840- 0* 0* ▼.320-cwt. 
2- 12* 6- V. 1-cwt. 2/6 

.837- 7- 6- v.319-cwt. 



319- 17^10f V.319- 3- 16- at 1- per cwt. 
2- 



639- 15- St v.319-3-16-at2-percwt. 

169- 18- 111 ▼.319- 3- 16- at 10/ „ 

39- 19- 8ijv.319-3-16-at2/6 „ 



!• 6* 3- V. 2-qr. 839' 14' 4| v.319- 3-16-at2- 12- 6* 

13« IJv. l*qr. 

6- 6fv. 14'lb. 

114v. 2-lb. 

cwt. qr. 1^. 



839- 14' 4| v.319- 3' 16- 



* This confiision occors in the, perhaps^ most popular of modem " School 
Arithmetics;" where the present example is to be found, worked oat precisely 
as here, by Compound Maltiplioation, but described by the eminent author 
jW an instance of Compound PracHce! 



10/ 1 



PEACTICE. 

. By Praelici and Multiplication combined. 

s freqaanll} adopted to STsJa 

owt. qr. lb. £. «. d. 
t. 81B' 3- 14- Bt 1- 0- 0- par cwt 



830- 16- 0- T. 318- 3' 14- at 2' 0- 
150- 18- 0' ». 318- 8' U- &t lO 
30- 18' Sj V. aifl' 3- 11- at 3- 
838- 13- &i V.31B- 8- U' at 2" 12- 
lll v. g' B ta- 13- 

B3a- U- l\ r, 31U- 8' IB- at 3- 13- 



+ This !■ roaud by MalUplloal 



1- T14Bi nl 
2' flaTlAj El 
3' SliRi at 
i- S48Q| U 



EXERCISE CVn, 
' and dticribe linei. 



fl-nlB5Jatlll 
7-3oe4|atl0' 
8- 8298i at lOi 






I 



>. .i. , 

l}156i »t 1- 3- 1 B 


a. a. 

9843i at 2- 8* 


17-482IA-ftt 3 




7( If 


aBiaVsat ( 


M- 


n 


fl4oa}iat a 






84aa-ftrat 5 


It- 




SSSflHM 3 






084fr,% at IS 


n 


3( 


eoOO} at 3 




fl- If 


6432* at f 




21 






4- U 


3421,^ at f 




■i.i 


7e42t at i 




5i If 


714814 at S 


*• 


2f 


mm at 3 


Tseef at 4 


3t le 


B5768 at 3 


a- 


34 


1468^ at 16 



lb. a. 




jd. d. 


89. ft. d. 


«wt. 8. 


d. 


4fli atej 




48A at Hi 


37- 03^ at 6J 


40> H34 ftt 6 


n- 


34 M7 


10 


87A at 14i 


38- 014 at B 


41- Bif St 13 


4- 


B5 ate 


10 


8i+iat21- 


29- 73A at 7 


43' 8Gf at 31 


8- 


Bfii at 6 




5B i at 19 


3D- 86A at 8 
31- 38S at 6 


43- 78* at 38 


fl- 


87 ate 




68H at 16 
75i at 4 


«■ m at 35 


3- 


69 BtO 


18 


S3- 5ns at i 


46- 41ft- at 33 


10- 


77 at 4 


20 


3!) at 7tV 


33- ma at 3 


46' eeVj at 42 


4- 


83iV at a 


21 


4&i at 6A 


34- 88i at 2 


47- 86A at 68 


a- 




22 


83^ at ia| 


3a- 73 at e 


48- 94VV at HI 

49- 37H at 34 


e- 


eiA at 3 


23 


nSBat43' 


33- 31 at 


8- 


84Aat4 




B7i4 at 84- 


37- 06 at 


DO- 83ft at 38- fr 


e3ftat8 




BSs^ at 85- 


38- 06 at 8 


61- S8i4 at ab^ 


aeu at 7 


20 




39- 83A at 7 


62- esH »t M 
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2- 
8- 
4- 

7- 



lb. 
14* 
21* 
16- 
19- 
84- 
26- 
18- 



OS. At. 
7- at 



d. 
5 



8- 16- 

9- 16- 
10* 27- 

11- 18- 

12- 17- 



11- 

8- 

6- 

6- 

9- 

2- 

6- 

1- 

13- 

12- 

10- 



at 
at 
at 
at 
at 
at 
at 
at 
at 
at 
at 



n 

8- 

11- 

7i 
10| 

9k 

Sk 

Hi 



wo. 


lb 


. d. 


18- 


5- 


8- 


at 3* 


14- 


4* 


9- 


at4* 


16- 


7- 


6- 


at5' 


16- 


8- 


6- 


ate- 


17- 


9- 


7- 


at7- 


18- 


8- 


3- 


at8- 


19- 


6- 


8- 


at9- 


20- 3- 


4- 


at 2* 


21- 


4- 


5- 


at5* 


22- 


6- 


8- 


at4* 


23- 


6- 


7- 


at7- 


24- 


9- 


6- 


at 8* 



D. 

25' 
26- 
27- 
28' 
29- 
30- 
31- 
32- 
33- 
34- 
35- 
36- 



800. lb. 

18- 11- 

11- 

14' 

12- 

11- 

13- 

17- 

18- 

10- 

7- 
15- 

9- 



d 
at4i 



16-'at3f38 



dk at 6^ 

17- atfti 

ftt,4f 

ate} 
at 5) 
at 4} 



le 

18 
14 
13 



8i at 7} 45* 
19- at8He' 
12- at 6} 47- 
10- atei48- 



37- 



39- 
40- 
41- 
42* 
43- 
44- 



19 
11 
13' 
15 
21" 
32" 
25' 
54 
33' 
16' 
18 
23' 



lb. 

5- 
12- 

4- 
•10- 

8- 

e- 

9- 
3- 
12- 
13- 
Il- 
ls- 



d. 

at ei 

at 8i 
at 4f 

at 5i 
at 74 
at 3f 
at 8| 
atll| 
at 71 
at 7| 
at 5 
at 6 



* Each price in this sectioD is that of I'lb. 



1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 



ot* qr. lb. £» 
5*1-14- at 2* 
9-2- 8-at3' 
7- 8- 21- at 3- 
8-8-ie-atl- 
4-8- 7-at8- 
e- 1- 23- at 4- 
0- 22* at 4- 
2* 25- at 7* 



8- 
7- 
5* 
4* 
8- 
9* 



e-0- 

7-1- 
9*3- 



2- 17* at 8* 
8- 19* at 8* 
1* 27- at 3* 
1- 15- at 8- 

8-at3- 
13- at 4* 

e-at3- 



s. d. 




18- 4-* 


16- 


1-6- 


17- 


5-8* 


18- 


3*4- 


19- 


1*2- 8- 


20* 


1-8* 


21- 


6-4- 


22- 


9-4* 


23* 


4*4* 


24- 


8*8- 


25- 


17-0- 


26- 


3-0- 


27* 


10*0* 


28- 


13- 4- 


29* 


19-4* 


30- 



owt 
•14- 
•32- 
•16- 
• 19- 

•e5- 

-87- 
•98- 
•25- 
•46- 
-38- 
•29- 
•54* 
•69- 
•42- 
•85* 



E. 

lb. £. 
11* at 37- 
10- at 46- 
J 3* at 24- 
15- at 25- 
43* at 65* 
20- at 10* 
37- at IS- 
IS- at 9- 
9* at 21- 
38* at 3- 
40- at 14- 
26- at 32- 
85- at XS- 
SI- at 7- 
10-at2e- 



8. 

6 
13 


13 
13 
10-0 

5-6 

6-4 
10-0 
18-6 
10-6 
17-6 
12*8 
17-0 
13-4 



31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 



ct 

•9 

•7 

•6 

•4 

•5 

•6 

-3 

•4 

•8 
.7 

-4 

•8 
-9 
-8 
•7 



qr. lb. 



7- at 

8* at 

9* at 

11- at 

14* at 

26- at 

23- at 

17- at 

19- at 

16- at 

5* at 

6- at 

8- at 

9- at 

11- at 



£. 
4- 
2- 
3- 
4- 
2- 
2- 
2- 
3- 
4- 
3- 
6- 
7- 
6- 



s. 

4-t 
18- 

5- 

3- 
15- 
18- 
17- 

8- 
10- 
10- 

6- 
10- 
16- 



12- 10- 
15- 0- 



* All at p«r cwt. 



1- 
2- 
8- 
4- 

6- 
6- 
7* 
8- 
9* 

lo- 
ll- 

12- 
13- 
14- 
15- 
16- 



yd.qr, 
23*3 
95-2 
1 



62 
84 
56 
34 
78 
49 
35 
81 

97 

22 

46 

29 

54 

61-2 

AUat 



2 
2 
3 
3 



1 
1 
2 
1 
8 



oa. 



at 14/6» 
at 17/3 
at 18/5 
at 21/10 
at 33/9 
at 25/7 
at 13/2 
at 5/44 
at 3/7I 
at4/lU 
at2/6f 
at 1/8J 
at 1/11 
at 4/5 
at 3/3 
at 6/4 
per yard. 



17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 
32 



•f All at per ton. 

F. 

sq. yd. ft. ' 
342-7- 5at2/3f 
415-3- 7* at 4/6 
298-8-10*at9-d. 
654-2- 9-atl3id. 
150-1- 8-at4id. 
361-3- 6atl4-d. 
543-4- 5-atl8-d. 
737*6- 4- at 2/9 
312-5- 3- at 1/9 
438-0- 11- at 6|d. 
356-3- l-at7id. 
863-2- 7-at8id. 
185- 8- 6- at 5/6 
314- 7- 5- at 8/3 
263-6- 9- at 3/8 
215-4- 11- at 5/10 

All at per sap. yard. 



X All at per cwt. 



33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

47 
48- 



an. ft. 

• 135 

■ 68 
' 94 

• 83 

■ 416 

• 364 
751 

• 92 
36 

514 
321 
84 
150 
216 
345 
956 
t An 



II 



5- 8- at 3/6} 
3- 9atl4-i 

6- 4-at6id. 
5- 10- at did. 

10- 5at2id. 
7*at9-d. 
6- at 21|d. 
4atl3id. 
2- at 4}d. 

6-at7id. 
7* 9-at8id. 
3-ll-at3fd. 
7* 3- at 21 -d. 
9- 5' at 32-d. 
6- 3-atl9-d. 
11* 9-atl5d. 
at per anp. ft. 



9- 
8- 
11- 
8- 
6- 









au-3-Mal3-12-6-» 




vn- 


U6Z-36-B13-109- 




ifi- 


U2'110-8t2186- 


16- 88- 




SaS'g- fi-&t3'lS'0' 


16-20 




3£4-2' 6-at4' 40- 


17- 32- 216- 


9o'0-32aI3-13-8- 


18-40 


200- 


4MlSat3-lfiO- 


19-19 


w 


212'3'Zl'at5-IO-0- 


2H>B4 


M4- 


*3eoi3ai7ue- 


21-26 


/60- 


6462-31ate'15B- 


22-54 


HA- 


7aai-28ato-l6-8- 


23-73 


M- 


86831*aU'184- 


24-66 


77- 


■ AUupBrw™. 


^AlllUf 





2S-314-25-6-atl- T«1 
28- 45- 9-3-BlI-ia-8- 

27-256-i3-8-al2- fi-9- 
28- 144- 3-0-al 17-6- 
29-436-2l)-0Bl 18-9' 
1-13-4' 



31-2fi6- 6-4at2- 



1«6- 



32-134- 6-6-al 
33- 38- 3-9-at lS-4- 
34> 42-16-6-at6- 4-B- 
361fiS138-Bt3-18-6- 
36- 74-16-6'ttt2-12-6- 
1 AH At per cublD yard. 



R 




1ft 


lU 
9 


16 
19 


22 


11 
S 


7 
12 

n 


18 


a 


1R 


17 


£ 


1R 




2 


11 


ly 







at 3- 12- 


3-peroz. 




5-pero«. 






at 4- 4- 








at 28- 12- 


3- per lb. 


at 2-11- 


)■ per ox. 


ttt 3-17- 




at 2S- Ifi- 


S- per lb. 




6- per OB. 



What U the ant 

8-gaL 3-qt. l-pt of w 
l-OfS" -* - 



5 39 ST. r. s, d 

11- 11- 6- 2- 16- at I- 3-8 

12- 9-7- 2- 18- at 2- 12-6 

13- 8- 6-0- 19- at 1- 6-9 

14- 4-3-l-Ifi-at 17-9 

15- 10- 4- 0-14- at 4- 11- 8 

16- 5- S- 2- 13- at 3- 6-9 

17- 6- 20- 12- at 2- 17- 9 

18- 3-6- 2- 8- at 3- 6-4 
10- l-7'l- 7'atl- 7-8 
20' ?■ *■ 0- 12- at 1- 16- 4 

• AU U DBF lb. 



inf 



t- Of four goore sheeji, at 33/9 each f ^^^^ 

L- Of 4-tom 17-cwt. of hay, at five guineas pec ton ? ^^^H 

I- Of a pipe of Trine, at 18/4 per gallon i -^^^H 

[■ Of tepniring 3-mi. 7'fiu'. 21 'pi). of roadway, at 3/6 per polo! 

'■ Of 49- men's woA for 17-we. 6-da. at 4/6 per day for each f 

I- Of 72' doz. 7- botties of wine, at S7/ per doi. i 

I' Of abuUoi^wEiKhiqgl3'cwtl'qi.ll-lb.,at£3-l-B.6'd.peTDwtP 

I' Of a aheep weighing I'Uwt. 8'lb., at 4^, perlb.; al9oat3)d.? 

.- Of apigweighingl7'Si»rel31b.,at3fd.parlb.,andat4id.perlh.? 

!■ Of lOO- Bgga, at 7' for 8d. ; and of 7' doa. at 6' for 2-d- ? 

I- Of keeping a horaa for 2yiB. 3mo. o'da., at 17/6 per week ? 

I- Of 4D-packBofwooI,ea,240-lb.,at4Jd„at7jd-.»niiatl3Jd.perlb.f 

>■ Of traTelling expeoaca for I've. 5-da., ut half-a-guinea a day? 

I- Of 9-hhd. 48-gal. of wine, at 68/9 per Uid. ? 

'■ Of 3-r. 28p. 18rd, of building bnd, at £289' per acre ? 

1- Of 89- ba^ of potatma, Bach weigliing 8'fleore Ifi-lb,, U £*( 

II-», 8d. per cwt. f 
)■ Of mowing 17'ao. 3t. 16-po., at 4/B per acre? 
)- Of a labour^i wagea ibr the year I860-, at 2'a. a day? 
L' Of printing 2000' oopiei of a book, coneiitang of 800' i 

la a Bhoet, at £7' 17'i- 8'd. p«r sheet? 



• The did or 



0.' 334- an 
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J, 
1* What will the income-tax amount to on each of the 
following sums of money, i. At 5'd. in the £1* ii. At 
4'd. III. At 6-d. IT. At 7'd. y. At 7id. vi. At 

VIII. At 13-d.? 
J. 



8-d. Tii. At 8id. 

M. M. A. 



V 648- 
2- 986- 
8- 869- 



10- 
16- 
18- 



4- 
5- 

6- 



9864- 
3186- 
8432* 



I. 

fi- 
le- 

16- 



7- 
8- 
9- 



43168- 
84305- 
21864- 



lo- 
ll- 
12- 



85463* 
28549- 
96312- 



13- 
14- 
15- 



112- 
145- 
132- 



B. 

15- 

18- 

6- 



2* What will the poor 
following rateable values. 



4id- 
6id. 

1-8. 3 

1- 64- 

2- 39- 
8- 81- 

4- 35- 

5- 23- 



iii. At 6'd. IT. 
TII. At 8-d. Tin. 



•d. 

8. 

5- 

7- 

11- 

10- 

15- 



XI. 

6- 

7- 

8- 

9- 

10- 



At 2*8. I'd 



rate amount to on each 
I. At 3-d. in the £1- 

At 5id. T. At 5W. 

At 6d. IX. At lOd. 
XII. At 3-8. 4-d. ? 



319- 
454* 
368- 
755- 
436' 



s. 
10- 
13- 
15- 
5- 
10- 



11- 
12- 
13- 
14- 
15- 



7184- 



5- 



3642- 10- 
1986- 5- 
2184- 15- 
3019- 8- 



16- 

17- 
18- 
19- 
20- 



M. 

4- 
3- 
8- 
7- 
5- 



$. 

11* 
2- 
14* 
13- 
10- 



d. 
6- 
9- 
6- 
0- 
0- 



21* 
22- 
23- 
24* 
25* 



of the 

II. At 

TI. At 

X. At 

76432- 
34365* 
21849* 
71687- 
54321* 



BXTBNDBD APPLICATION Ot PBACTICE. 

Practice is usually employed only in the computation 
of money- values, but it is just as convenient for calcu- 
lating lengths, weights, capacities, &c. 

Fifth Example wobked out. What is the united 
length of 347- pieces of ribbon, each 2-yd. 2-qr. 1-na. ? 



f 



Example completed, 
yd. qr. na pieces. 



347- 0- 



0- 
2- 



y. q. n. 



«L.of 347- ea. 1-0-0 



Proo£ By Comp. Moltn. 
yd. qr. na. 
2* 2* 1 
10 



0*=L. of 347- ea. 2- 
0-=L.of 347-ea. 
3;=L. of 347- ea. 

889- 0- 3--=L. of 347* ea. 2- 



694 

173 

21 



0- 
2* 
2* 



0- 
2- 



0- 
0- 
1- 

1* 



25- 



2* 2 
10 



256- 1- 



768- 

102- 

17* 



3- 
2- 
3- 



889- 0- 3 



L. of 1 'piece. 
=L.of 10-pieces. 
=*=L. of lOO'pieces. 



=L. of 300 'pieces. 
=L. of 40*pieces. 
=L. of 7 'pieces. 

=«=L. of 347 'pieces. 



EXERCISE CVin. 

Explain every line. Prove each Exan^le hy Compound 
Multiplication. 



A. 



!• What is the gross weight of 735- Dutch cheeses, each 2-lb. 11 -oz. ? 

2- Howmuchwinewillffll 40-do2. bottles, each containing l*pt. 3-gi.? 

3- What wiU 795* boxes of soap weigh, each being 2-owt. 3*^. ? 



• If 1 • piece of paper, conlaiii 7i su. yi, wlmt extent of wall wifl 

be cCFvered by 356" auoh piecca ? 
i' Find tlie united length of 500- drem pieces, each ]3| yd. ^ 
' How much cloth is reqnired 10 nutke great coata for an army of 

tOOOO- men, each toot reqniring 3'Yd. 2-£|r. 2'na; ? 
' What 19 the gross weight of 42* iajx ratioas fur SOOOD' men, at 

4-lb. 7 joz. At. per day for each man ? 
- An Iriah mile beini; I^ of an English mile, how maay lEnglieh 

are equal ti> 135f Irish ? 
' Huw many Irish miles arc equal ta 1000' English ? 
I- Suppoaiug a single copy of n book to weigh 13-OE, '^dr., what 
would an edition, consisting of 20S0- copies, weigh > 
" . . ' ontsined in 35' saahuB, of IS' panes each, a 

pane being 80- mi. ins. ? 
!■ What extent of grounii will be required Ui make 320' allotraBnts, 
of It. 16'po. esohf 
How muuh hay will 32' hoiBes oonsume in SO" days, at the late 

of I'qr. 2'lb. p«r day for each ? 
What cutent of Boor will be covered by 3500' tiles, each having 

a eurfiiee of 2- an. pr. 32' su. in. ? 
What is the weight of 1613- nyw sovureigns i 
By how mmJi would their weisht bo eiceeded by that of their 

How mueh time is gained in aeren yems bj rising daily at 6' o'clock 

instead of 20* minutfs later f 
What is the produce of 6M'ac. 3t. 20'po., at the average of 

19' How much, glass will mnie 145B' panes, each 1'bu. ft. 3''? 

Each man's aUowanee of rum being IJ gill, what quantity will 
supply a ship's orew of 947' men for 180- days 1 
Find the united letylh of b. 



BOB 


each 21 


8 


4168 


7B8 


each SI 


9 


3245 


346 


each3J 


10 


9663 


618 


each It 
eaoh2i 


11 


7342 


591 


12 


3866 


837 


eachej 


13 


6942 


498 


each 71 


14 


8366 



each 5A 


16 


each H 


16 


each 7A 


17 


eachllA 


18 




19 




20 


each m 


21 



■-■ 9364J each 11 
I' 32161 OBuh 13' 
■' 7364 each 2- 
l- 49361 each 6' 
I' 21361 each 16- 
!■ S943f ea<!h23' 
.' 364SieaGhl9' 



450 


each7i 


B' 846 


398 


eachSf 


9' 916 


943 


each9i 


10- 334 


658 


eachSJ 


11- 768 


484 




12' 693 


739 


each7A 


13- 586 


936 


eachQlJ 


14- 729 



e«t, at- lb. 
each 3- 2' 7 


IS 


each 4-1' fl- 


16 


each 3' 3' 5' 


17 


oach2'2'12' 


18 


each 5-1' 16' 


19 


each 3' 3' 24' 


20 


each 1' 1-21' 


21 



1S2- each 1 


S!?? 


495- each 1 


6- 4-10 


388- eath 3 


9- 10' 11 


29S- each 2 


7-18-18 


734- each 4 


6- 14' 16 


473- each 3 


V 0'22 


646' each 2 


3' IB' 18 



MENTAL C 

In actual business the habit of mcntat computatioa il 
very generally acquired. One commonly employed i '^ 
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tal method is to divide the given numher of articles into 
dozens. Then each penny in the price of one article he- 
comes a shilling in the price of a dozen. And the value of 
one dozen thus found is multiplied by the number of 
dozens given. For this kind of computation the subjoined 
Tables will be useful. 

TABLES OF YALITES OF I* DOZ. ABTICLES. 
r doz. 
d. 8. 

At 1* costs 1' 
At 2- „ 2 
At 3- „ 3 
At 4* „ 4' 



At 12- „ 12 
At 15- „ 15 

&c. 



1' doz. 

d. d. 

At \ costs 3* 
At i „ 6- 
At J „ 9- 
Atli „l/3 
At2J „2/6 
At9| „0/9 
&c. 



1' doz. 
dv d. 

At \ costs 1 J 

At I „ 4i 

At g- }, 7$ 

At J „ lOi 

Atli ,,1/li 

At4i „4/7i 



1* doz. 
d. d. 

AtiVc. f 

At A c. 2i 

Ati<Vc.3f 

At^c. 5i 

At ^ c. Of 

At H c. 8i 

<fec. 



r doz. 

d. d. 

At i^c. fl} 
At if c. 101 
At 5^ c. 5/0| 
At8vVc.8/2i 
At 7i<\f 0.7/3} 
At CiV c. 0/5i 

(fcC. 



&c. 

By extending and combining these Tables, the value of any 
number of articles (whether an exact number of dozens or not) 
may be easily calculated mentally. 



Examples wobked out, Find the value of 



1- 
a- 

3- 


yds. d. 
48- at 5i 
38- at 6} 
57- at 4| 


yds. d. 

4- 120- at \ 

5- 300- at 1 

6- 643- at 1 




48- = 


= 4- doz. 



yds. d. 

7- 1000- at li 

8- 350- at 3A 
8- 7000- at lA 

I. 



d. 



10' 12* doz. at 3i each 
11* 24- doz* at 5-1% each 
12* 36* doz. at l| each 



1* doz. at 5Jd. cost 5-s. 3d. 
.'. 48* yd. at 5}d. cost 4* times 5*s. 3d. or £1* I's. 3*d. 

II. 
38* = 3* doz. + 2- 1- doz. at 6Jd. cost 6*s. 9d. 

2* at 6|-d. cost I's. l^d. 
.-. 387d.at6Jd.c.3*times6s. 9d.+l*s. Hd.=£l* Is. 4id. 

Or thus: 

88* yd. at 6Jd. cost 38* sixpences + 88* halfpence + 38* 
farthings = 19-s. + I's. 7-d. + Q^d. = £1- I's. 4id. 

III. 

57' = 4- doz. + 9* = 4| doz. 1 * doz. at 4 Jd. cost 4s. l^d. 

.-. 57* yd. at Hd. cost 4f times 4-s. l^d. = 19 -s. 7id. 

Or thus: 

67* yd. at 4Jd. cost 4* times 4-s. l^d. + 9* times 4Jd. 
= 16s. 6-d. + 3-s. lid. = 19-s. 7id. 

Or thus : 

57.=5-doz. — 3-; 5doz.at4id.cost20*s.7id. 3costl2fd. 
.*. 57- yd. at 4id. cost 20-s. 7jd, — l*s. Ofd. = 19*s. 7id. 

IV. 

120' yd. at ^d. cost 10* times l^d. or 1 s. 3*d. 
Or thus; 120- yd. at id. cost i of 10-s. or l*s. 3d. 
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T. 

300- = 25* doz. .-. 300- yd. at |d. cost 25- times 4id. 

25' = 2- doz. + 1* !• doz. at 4id. cost 4-s. 6d. 

.•. 25* at 4Jd. cost 9*8. 4Jd« 

.-. 300- at id. cost 9-8. 4id. 

Or thas : 

300-yd. atl-d. cost£l-5-s. .-. 300-yd. at Jd. cost3's. Hd. 
.'. 300* yd. at f d. cost 9*8. 4id. 

Or thus: 

lOO' yd. at 1-d. cost 8-s. 4*d. 100* yd. at id. cost l*s. OJd. 
100- yd. at fd. cost 3*8. Hd. 300- yd. at ^d. cost 9*8. 4id. 

VI. 

643-=53-doz.+7-=53idoz.+l- And 1-doz. atfd. c.7jd. 

But, 53 J^ at 7i = 4* doz. + 5i at 7 Jd. 
4- doz. + 5 J at 7Jd. cost 7-s. 6-d. X 4* + 7id. X 51- 

= £1- 10-8. + 3-8. 5Jd. = £1- 13-8. 5id- 
.-. 6437d. atid. cost£l- 13-8. 5id.+fd.=£l- 13-s. 5id. 

VII. 

1000-=83-doz.+4-=83J-doz. And 1-doz. at Ud. c. 1 -s. l^d- 
Now83-doz.=7-doz.-l* And7-doz.atl3H.c.£4- 14*8. 6d. 
.-. 83- at 13H. c. £4. 14-s. 6-d.— I's. lid.=£4- 13-s. 4^- 
.-. lOOO-yd.atlJd.c. £4- 13-s. 4Jd.+4id.=£4- 13-8. 9-d. 

Or thus: 

100-yd. at 1-d. cost 8*8. 4-d. 100-yd. at ^d. cost I's. OJd. 

.•. 100-yd. at l^d. cost 9-s. 4Jd. 
.-. 1000-yd. at Hd. c. 10- times 9-8. 4Jd. or £4* iSs. 9-d. 

VIII. 

350-=30-doz.— 10- 30doz. at 3 Ad. cost £4- 15-s. 7id. 
.•.350-yd.at3A-d.c.£4-15-s.7id.-2-s.7id.=£412s.llfd. 

Or, 350-=7* times 50- And 50- at 3-fVd. cost 13s. 3|d. 
.-. 350-yd. at 3-A-d. c. 7' times 13-8. 3fd. or £4* 12-s. 11 fd. 

IX, 

1000- yd. at liV cost £6- 9-8. 4id. (See Ex. vii. above.) 
.-. 70007d. at l^r c. 7* times £5- 9-8. 4id.=£38- 5-s. 7Jd. 

Or, 1000-yd. at 1- cost 1000- or 4- 3- 4- 
1000- yd. at i cost 250- or 1- 0- 10- 
1000- yd- at -^ cost 62J^ or 5- 2J^ 

.-. 1000- yd. at 1-^- cost 1312^ or 5- 9- 4 J 

7- 7- 

.-. 7000- yd. at 1 A cost 9187^ or 38- 5- tI 
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X. 

12*doz. or I'gross^^l'doz.of dozs. l'doz.at3id.c.8*B. lid. 

And Idoz. at 3*8. li<l. costs £1' 17*8. 6*d. 

.'. 12- doz. or 1* gross at SJd. cost £V 17*8. 6-d. 

XI. 

24'doz.=2*grossor2*doz.ofdozs. l'doz.at5iVd.c.5's.2}d. 

I* doz. at 5*8. 2^. costs £3* 2-8. 3'd. 
.*. 24- doz. at 6tV cost twice £3* 2s. 3d. or £6- 4*8. 6-d. 

XII. 

86 doz. =^3 'gross or 3*doz. doz. I'doz. at l|d. c. 1*8. 7id. 

1* gross at Ifd. (= 1* doz. at Is. 7jd.) costs 19s. 6*d. 

.*• d6'doz. or 3*gross at l}d. cost £2* 18*s. 6*d. 

EXERCISE CIX. 

EXAMPLES TO BE COMPUTED MENTALLY, BY THE 

DOZEN METHOD. 

Nothing to he toritten hut the ResiUts. Find the value of 



1 
2 
3 
4 
5 
6 
7 
8 

g 

10 

11 

12 



oz. d. 


doz. d. 


■c 


1- at 5^ 


13- 3- at i 


25- 


I* at 3| 
l*at]f 


14- 2- at 1 


26- 


15- 6- at 1 


27- 


2at2i 


16- 7- at S 


28* 


3- at 2i 


17- 8- at 1 


29- 


4* at 5 A 


18- 9- at J 


30- 


3: at 2 A 


19- 6' at i 


31* 


1* at 7H 


20- 6- at A 


32- 


1' at 5^ 


21- 4- at A 


33* 


5- at 2i 


22- 3* at A 


34- 


3*at4| 


23- 8- at H 


35- 


6- at 7| 


24* 9* at {i 


36- 



•doz. 



A. 

8. 



1* at 1' 



at3- 
at2- 
atl- 



d. 



at I- lOj 



at 4 
at 3 
at 4 
at 2 
at 3 



9i 

H 
1# 



6- at 



atl* 

B. 



Mo| 



&A 



gro. d. 



37- 
38- 
39- 
40- 
41- 
42- 
43* 
44* 
45- 
46- 
47- 
48* 



atj 
at A 
atf 
at I 
ati 
ati^ 

at A 
ati^ 
at I 
at I 
ati 
atii 



doz. d. 




1* 1| at k 


13- 


2' 24 at 1 


14* 


3- 3| at f 


15- 


4* 4i at i 


16* 


5* 3f at A 


17- 


6- 2iV at t 


18- 


7* 8 A at A 


19- 


8* 4^ at A 


20- 


9* 5H at A 


21- 


10- 6^ at « 


22- 


11* 4f at i 


23- 


12- 9| at H 


24- 



doz. art. d. 
10* 4*atOi 



13- 
9- 
7- 

11- 
5- 
4* 
8- 
9* 

12- 
6- 

15- 



8- at 4i 

6- at If 

5- at 3i 
10* at 41 

7- at 2i 
11- at 6tV 

1* at 1 A 

6- at 2A 

3- at If 
9* at Itt 

4- at IH 



25 
26 
27 
28" 
29 
30 
31 
32 
33 
34 
•35 
36 



gro. doz 

1 

2 



2- 
6- 
3* 
6* 
4- 
7- 
2- 
1- 
!• 
1* 



d. 
7- at 8i 
3* at 6| 
5- at 5i 
7- at l} 
4- at 2| 
2- at 3| 

11- at 9| 
9- at 5A 

10- at 3ii 
8* at 4i 

II* at 8| 
4* at 9\ 



doz. d. 

49- 13- at4A 
50* 14* at 3i 
51* 15* at 24 
52- 16- at 5J 
63- 17- at If 

64* 18* at U 
55- 19- at 3t 

56* 20- at li 
57* 11- at 2A 
58- 10- at 4A 
59* 21- at 7|i 
60* 24* at 8}i 



art 



d. 

37* 480* at If 

38- 395- at A 

39* 260* at 4 

40* 550* at I 

41* 450- at 2| 

42* 756- at lA 

43' 950- at 9f 

44* 720* at 44 

45* 136- at 5} 

46* 348- at 64 

47* 843* at 7| 

48* 770* at 8i 



ALLOWANCES ON GOODS, OS TARE AND TSET. 

Gross weight is that of goods and packages together. 
Tare is allowed for the weight of the package. 
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268 TAKE AKI 

Tare Sattle remains after deducting Tare from C 

Tret 13 an allowance of 4Ib. in every 104-lb. (that isj 
of Tare Suttle. on ^oods subject to waste. 

Tret Battle remains after deducting Tret. 

Cloff is an allowance of 2 lb. in every 3cwt. (that ia 
of Trel Suttle, for turning the scale in retailing. 

Het weight remains after al! the stipulated allowanceB 
are deducted. 

Find ibe net weight of 9'hhd, of tobacco, each IS'cwt 
3'qr. 15'lb.. nllowing Tare 35-Ib. per bhd.. Tret and Cloff. 

Eumple oompiBMa: by tiirBs losUiirfH, 
The first is the tiest methoii, far it employs fewer figures Ihan 
the Ibtrd, and eneoQnters fever froctioitK tbar, " 



IB' a 



3' 15' GroBg per hhd. 
!■ 7- Tare par hhd. 

Tare Snt., per hhd. 



a5-}187- 0' 10- TttreSnttle.O'blid. 

W- 1- 30 - Tret, O'bhd. 

ieB-)I(JO' 3- 21- Tret Suttle, ll-hhd. 

3-g3f Clofl;* fl'ihd- 

ISO'a- Uf Net weight, O'hhd. 



m. 



i- IS- Gross per hhd. 



_. _.._.jt.ib. 

18' 3' 15- Gross per hhd. 

1- ;■ Tare per hhti. 

ae-)18-a- a- TareS.perhhd. 

a- a *- Tret per hhd, 

I6S' ) 17- 3' ii- Tret S- per hhd, 

llH aofftperhhd. 

17' 3- H^Nt.T.perhhd. 

9' 

15iJ' a- O jNetwt. fl-hhd, 

■ In actual baaineBB these 

&actionB would not be eiaoOf 

worked out, but Ihe nearest 

pound or half pound would be 

taken as GufGcientlj near Cha 

I. truth. Thus, in the present 

I, the Cloff on U-hhil. 

I would be reckoned as 3'i|r. 

j; aajlb., iDstead of 3-qr. 23^ lb. 

-f But, when the sJlowanoes 

_^___ re deducted from each packa^ 

separately, then any error admitted in computing a (rattion will, 
of pourse, be repeated as many times as there are packages. Thna, 
llijlb. being reckoned as la-lb., would be A'b. too much o 
each hhd., or fib. on the !)-hhd. I Being B- limes 

LWhen Tare is given at per cwt., &C., it is foundJI 
taking aliquot parts of gross. 
EXEHCISE ex. 
TFofk each example in two ways. E:tplain every lim 
writing. Find the net weight of 
1- 314-cwt. a-qr. IS'lb., allowing Tare 4-lb. per cwt., Tret and Cloff. 
a- Fifty-four chesti of tea, each 3-qr. IB'lb., Tare I8-lb. per chest, 



lUll- 3- 23- Gross, S-hhd. 

a- 3- 7- Tare, n-hhd. 

eB-)lH7- ()■ IB- Tare Suttle, 9hl 

C- 1- SO- Tret, »-hhd. 

108-)ieo-a-al- Tret Suttle, n-hhd. ' 

3-g3f Clrtff," B-hhd. ^ 

151)- 3- o; Net weight, ( 



Id Cloff. 
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4- SS-owt S-qr., Tare 11-lb. per owt, Tret and Cloff. 
5' 43-cwt. 3-qr. a&lb.. Tare S'lb. per cvL, Trat and Cloff. 
d- 8S-owt. 1-qr. 311b., Tare 16-lb. par cwt. Tret and Cloff. 
7- 7a-owl, a'qr. leab.. Tare 101 lb. per cwt., Tret and Cloff. 
6' Boogbt T66S'lb of metal, at £1' Sh. B-d. per cwt., but iras 
allowed one pound gratis on every score ; what did it coal toe f 
0- What is the net value of 14' casks of oil, eacb weigbing 3-c<rL 
2-qr. groHs, aUpwing Tare at 13'Ib. par out, and tbat a 
gallon weighB T} lb., at 13-b. B-d. per galloo ? 
10- What is tbe net value of 91-bagn of cotton wool, each 2'ewt., 
3-qr. Sib., allowing Draft at Mb. per bag. Tare at ajlb. per 
lOO-lb., and reckoDiDg it was worth 14'd. per lb. T 
SUPBRFIOIAIj OB SQTTABB HEASUHB. 
A Pigon (in Qeometry,) is that which is enclosed bj 
one or more bound&ries. 

The space thus enclosed is called the Surface of the 
Figure ; and the number of superficial units, of any given 
kind, which will exactly 
its Area. (P. 173 " 
No. of sup. inchei 
No. of sup. feet. 
No. of 8up. yards, 
No, of sup. links. 
No. of sup. chaii 
No. of acri! , 

A Farallel(^ram 
Bides are parallel. 

A Iteot8ii^l6 is a parallelogram having four right 
angle*.* (P. 177) 

A Square is an equilateral rectangle : that is to say, a 
fignre having four equal aides and four right angles. 

Diagram 5' is a square ; 
md, supposing each of the 
twelve units in either side, 
like A A, to be a lineal 
chain, then each of the 
smaller squares, like Ae, 
will represent a superficial 
chain. And the number 
of these covering the sur- 
face of the Figure, (that 
is its Area in superfieial 
chains,) coincides with the 

It angls, bu ill lu ugleB right 



e of the figure ic 

Area, in sup. inches, 
Area, in sup. feet. 
Area, in sup. yards. 
Area, in gup. links. 
Area, in sup. chains, 

foursided Figure, whose opposite 




6 ii E . ; 

^ _P 

K 
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L 



No. of lin. dh. in the length AB, repeated as inan; times 
Bs there are lin. ch. in the breadth AD. 

For, in the strip Ad., which is as long as tlje Figure, (nnmelj. 
12' chains,) aad one chain wide, there are just as many (12') 
lupfrjieial chains, like Ac, as there are lineal ciinins in AB, Ihe 
Imgth of the Figure. 

And the Surface of the Figure comprises juat aa raan; such strips 
as there are lineal chains in AIJ, the breadtk of the Figure. 

Length of Figure =^ 13' Lineal Chains. SreadCh = 12- Unesl 
CLftins. 

Area ot Figure = 12' tiroes 13' or l-W' SuperficiiJ Chains. 

Similarlj, of the KecWngle AEFO, 
Length AE =Q' Lineal Ohains. Breadth AG = i- Lineal Chaina. 
.-. Area= 1' tiwea 8- or ai- Snperflciftl Chains. 

For the atrip Ah contains It- sup. eh., and the Bectangle AEFQ 
comprises foar such strips. 

Also, of tlie Reclnngle AHKL, 
Length AL = e' Lineal ChaiuB. Breadth AH = 8' Lineal Ch| 
.-. Area = 3' times 0' or 18' Superflcia! Chains. 

In all which Kxaraples, as in that of any Eeotangle, 
Area ^^ No. Lin. Un. m Lenylh y. No. Lin. Uh.inSrt 

In this last espreaaon, we do nqt, of eon 
MuUiply by Lineal Units, for thia is irapoasible from the nalore 
of Haiti plication, which is simply ripetitiaT^ of the Maltiplicand, 
Aud, the MultipUer merely iiidii:ating the onmber of suuh repe- 
titions, or, in other wordR, Aoio vutTis timet the Mnltiplicaud must 
be takfn to yield the required product, it becomes evident that 

No Multiplier can be a Concrete Quanlily. {See p. 149') 

We csn understand the repetition of a given Mnltipliaand 
numbtr of tiiaei, but what idea can be conceived of 

la- Lineal Chwns repeated IS' chains timet f 
Or, ^19- 19-s. lljd. repeated flS' lOg. lljd. Hmei I 
Or, IB- fL 11- in. repeated 7- inches time$ t 
Such e:q)re9sione are utterly meaningless. What is meant 
by Area— No. Lin. Un. in Length X Ko. Lin. Un. in Breadth ii, 
that the yumber which eipresaBs the Length, being Moliiplied. 
by the KnmbcT wbicb eipressea tbe Breadth, will produce the 
ifumber expressing the Superficial Units in the Area. 

This is also the only inteUlgible interpretation of the rule as 
ordinarily given; namely. 

Area = Length X Breadth, 
a statement which, although eonvciiiently concise, is yet, for two 
reasons, objectionable. For, as already shewn, 

I. Breadth, being a Concrete Quantity, cannot be a Maltiplier. 

n. Area, consisting of Saperficial Unitt, cannot be produced by 
therepetjdon of LinealUnite. See Implicit change of Unit. PageS4* 

The latter of these two objections is removed by employing '' " 
Sign of Coincidence instead of the Sign of Equality. 



1 Chsis^^_ 

lalore 

It 
149') 



'''"■?j|^ 



8T7FEBFIGIAL OB SQUABE MEASTJBE. 271 

Arem =^ Length X Breadth, 
a formula which may be advantageously retained provided the two 
Changes of Unit be not forgotten ; namely, 

I. Units of Length, into Superficial Units in one Strip. 

II. Units of Breadth, into Multiplier, being the No. of such 
Strips. 

And, taken in this sense, it is true of any Parallelogram ; for, 
Euclid* having demonstrated that all Parallelograms of the same 
length and breadth are equal, the area of any Parallelogram is 
known when that of the Rectangle of like length and breadth is 
ascertained. 

Hence, we always work for the Area of the Bectangle. 

To find the Area of any Parallelogram, 
Multiply base by perpendicular height. 

FiBST Example wobked out. What is the area of a 
field, having the form of a Rectangle, (or other Parallelo- 
gram,) the length being 1975' links, and the breadth 
725- links ? 

Example completed, 
lin. ch. snpl. oh. 
Length 19-76 = 1975 = Area, if 1- ch., or 100- links wide. 
Breadth 7-25 = 7-25 = No. of strips, each 1* chain wide, 

•9875 =^ Area, if '05 ch., or 5* links wide. 

3-95 = Area, if '2 ch., or 20* links wide. 

acre. Bn.ch 138*25 = Area, if 7' ch., or 700* links wide. 

1- = 10-)_U3a875_ = Area, if 7-25 ch., or 726* links wide. 

U-3L875 = No. of acres in 143-1875 supl. ch. 

acres. ao. r. po. 

/. Area of field = 14-31875 = 14- 1- 11- (^Exercise lxxxv.) 

Or thus: 
sa. ch. acres. ac. r. po. 
19-75 = 1-975 = 1- 3- 30- = Area, if 1- ch. wide. 

7 J = No. of strips, each 1- ch. wide. 

13- 3* 12- — Area, if 7- ch. wide. 
l» 39* =r Area, if \ ch. wide. 

14- 1- 11- = Area, if 1\ ch. wide. 

The two foregoing processes may be respectively proved by ex- 
changing Multiplicand for Multiplier in each instance ; thus : 

lin.ch. sap.cb. ac. r. po. 
B = 7-25 = 7-25 or 2- 36- being Area of strip 1- ch. wide. 
L = 19-75 ^19-75 or 19f being No. of strips 1- ch. wide. 

143-1875 or 14* 1- 1 1- being Area when 19-75 ch. wide. 



Or thus: By Vulgar Fractions. 

0. su. ch. su. ch. sn. ch. 

Area of strip 1- wide = 19-75 = 19f = ^ 
No. of such strips = 7-25 = 7| = ^ 

su. ch. sn.ch. ac. 

.-. Area of field = -^ X ¥ = ^4f^ = ^^ 

= 14-ac. 1-r. 11-po. (Ex. lxxxtv.) 

* Book I. Prop. xxxYi. 
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The diviaioDR in the sides of Dia^am &• may, of conn 
be taken to represent any lineal units ; as, inches, feet, 
yards, poles, miles, &c. And then the aquarea within the 
Figure will represent eorreapondiag superfiein.l units ; each 
superficial unit in the Area having the same name a.a the 
lineal unit employed to measure the length and breadth. 

Second Example wobked out. What ia the super- 
ficial extent of a floor 14-ft. 9-in. long, by lOTt. 7'in, 
broad: Eiample lomputed. 

I. TaMng the lungth >ud breodtb in lined inches. 



L = 14- 0' = 177- = 177- = Area of Ntrip 1- in. wide. 
B = 10' 7- = IdT- = 1»7- = Ko. of strips eaoh 1- in. irida. 
laSB- = Area of floor, if 7- ii 
21240- = Area of floor, it ISO- i 
!■ snp. prime = 13 ■') 39470- = Area of floor, if 137- ii 
1' Bup. foot = 1"J- ) 1S73" 9up. pr, 3' sup. in. 
.'. Area of Floor = IBB-snp.ft. l-sap.pr- S'anp. 



II. By Valgar Fractiooa. 



'. Area of floor 



= ¥XW = ^'^ 



i lOOA 



m 



= 158- !■' 3." 

It will be noticed that all the methods employed in 
Tvorhing the aboTe two Examples proceed on the same 
principle aa Practice. For, in all, we first change one of 
the given quantities into Units, &c., of the aume kind us 
the answer sought ; and, secondly, change the other given 
quantity into a Multiplier. 

For other methods, see Daodecimal Multiplicntion. 

A Triangle is a. Figure contained by three strnight lines. 

The Area of any Triangle ia one half the Area of a 
Parallelogram having the same length and breadth 
(Euclid, Book 1. Peop. xli.) 

For "length" we often say "base," and for "breadth 
"perpendicular height." 

To Jind the area of a Triangle, Base and Perpendicuia^ 
Height being given. 



Ther 



•e thre 



'3 of dnii 



[tliis. 



I. Find Area of Parallelogram of aarae length ud 
breadth, and divide by 2' Or, 



=adtl^^ 
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II. Find Area of Parallelogram of same length and 
half the breadth. Or, 

III. Find Area of Parallelogram of same breadth and 
half the length. 

The same three methods may be thus described. 
I. Multiply base by perp. height and Divide by 2* 
II. Multiply base by half perpendicular height. 
III. Multiply half base by perpendicular height. 

Thikd Example worked out. Required the Area 
of a Triangle, of which the Base measures 1945* links, 
and the Perpendicular height 864- links. 

Example oompleted. 
I. 
sap. oh. BOp. ch. 

Area of Triangle = (19-45 x 8-64) -^ 2- = 168-048 ^ 2- 

= 84 024- sup. ch. = 8-4024 ac. 

= 8-ao. It. 24-po. 11 -616 sq. yd. 
n. 

Bnp. oh. snp. ch. ao. 

Area of Triangle = 19-45 x 4-32 = 84-024 = 8-4024 

= 8-ac. 1-r. 24-po. ir6168q. yd. 
in. 

snp. ch. snp. ch. ac. 

Area of Triangle = 9-725 x 8-64 = 84-024 = 8-4024 

= 8*ac. l-r. 24-po. ir616sq. yd. 

DTJODEOIMAIiS. 

As a Decimal is any Fraction which has for its Denomi- 
nator a power of 10-, so a Duodecimal Fraction (or Duo- 
decimal) is one whose Denominator is any power of 12* 

^ Th™« = -IT' -rfr. rHi Q^^s ^ i^ |h) ^-^ <«« 

Duodecimal Fractions. 

The word "Duodecimal" is derived from the Latin 
"duodecim," twelve. 

Lineal, Superficial, and Solid Feet are duodecimally 
divided and subdivided. See Tables. In Superficial 
Measure, for example, the 

sup. ft. 

Su. Prime ( = Surf, of Reel., 1- ft. by 1- in.) =^ 

Su. Second =|^^•°^,^«^^•'\•^^^y^hne| _ . _^ 
l=Surf.of Sqre,.]-inbyl-in.) T¥T ts 

Bee. 

Su. Third (= Surf.of Rect., 1- in.by 1 - line) =x7W=T4i =i^ 

thd. 

Su. Fourth ( = Surf, of Sq.,l-lineby I'line) ='si5}TE=T^==Tti=iS 
DUODECIMALS WITH DEN0MINAT0B8 SUPPRESSED. 

We have no Duodecimal Point. But, just as Decimals 



iup. ft. ll'5-"3'"t 



1 
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are written without theii Dennminators i 
placet to the right of Units, go also Duodecimals may be 
espreased by Iheir Numeratora only, (their Denotninaiois 
beioK undetHtood,) in colamnt decreasing in value, in 
duodecimal gradation, from right to left. Hence, Noa. 
re pre sen ling 
VHhH, staud in lal Col. of Duo.; being 1st Col. to light of Uoit?. 
144t,bB, „ iD-.JndCDLDf DuQ.; „ end Col.lo t%lit of Umld. 
Ac. *c. 

Hence, in the exprea 
being 1' sup. ft. 

I'lie 1(1- (for lU- Hop. ft.) occnpiea Unit's Culamn. 

TbB U- (for 11' primes,) „ 1st GqI. of Duodecimala. 

The 6- (for 6- seconds,) „ and Col. of DuodacimalB. 

The 3- (for S-tJiinla,) „ Srd Ool. of Daodecinials. 

The 6- (for 6- foarths.) „ 4tli Col. of Duodecinmls. 
And it is now evident why Primes, Seeonda, Thirds, ic. are ao II limed. 

And, when we have to Multiply feet, primes, inches. 
Sic. by a Multiplier containing Duodecimal Fractions, we 
write these latter without Denominators, under the corre- 
sponding Duodecimals of Multiplicand. 

Thus, in preparing to Multiply 19- U- 6-" S-™ S-"" by 
16- + ^- 4- T-Jj -I- -rH^, we write down 
TAe Multiplicand \9- !!■' 5-" 3-'" 6-"" 
The Multiplier 16' 1- 5' U' = 16> + ^,- + TTT + r>*s 
A very convenient practice, but too generally misunder- 
stood to imply that we Multiply by Feet, Inches, Sic, 
which is absurd and impossible. 

EXERCISE CXI, 

r Drav a superficial prime, second, (in both forms,) third alid 
fourth. 

3- Dran, on the scale of an inch to the toot, six Biagrams. of the 
following dimensions respeotitelj. Carry a line from each division 
of eaoh of the foni sides quite across the Figure to the Borreapmid- 
ing division of the oppoaiie side. 
I. A Bectangle D'ft.by3'fL.,shcTrliigthatArea^lEi' sap. feet. 

II. AEaotangle 4-ft.by 7'in., „ „ ArBa=a8'BQp. primes. 

III. ARectangte 3-ft.byG'Iines, „ „ Area^ia'aup-Becorin. 

IV. AGectangle B-in.byfi'in., „ „ ArBa=lD-saF.aei!.orui. 
V. A Rectangle ll-in.bjT'Iines, „ „ Aiea^^'l' sup. thirds. 

YLARectangla 7- U. bjfl-lines, „ „ Area=4a-sup.fourtha. 

DUODBCIMAI., OH CBOSS MUITIPLICATION. 

When the Length and Breadth of a Recfangle, or other 
Parallelogram, are taken in Feet, and Inches, he, the 
Area may be at once found in Superficial Feet, Primes, 8(c., 
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by Duodecimal, or (as it is sometimes called,) Cross Mul- 
tiplication, which we now proceed to explain. 
The examples in Exercise cxi. prove that 

I. L io ft. with B in ft. gives A. in sup. feet 
II. L in ft. „ B in in. „ A. in sup. primes 
III. L in ft. ,) B in lines „ A. in sup. seconds 
IV. L in in. „ B in in. „ A. in sup. in. or sec. 
y. L in in. „ B in lines „ A. in sup. thirds 
VI. L in lines „ B in lines „ A. in sup. fourths. 
Whence it is usual, erroneously to say that 
I. Feet X Feet give Feet. 
II. FeetX Inches give Inches.* 
III. FeetX Lines give Seconds. 



IV. Inches X Inches give Seconds. 
V. InchesXLiues give Thirds. 
VI. Lines X Lines give Fourths. 

The correct statement to be employed instead of the 
foregoing, is 



I. Units X Units produce Units. 
II. UuitsX 12th s produce I2ths. 
III. Units X144th3 pro. 144ths. 



IV. 12thsX 12thspro. 144ths. 
V. 12thsXU4th8pro. 1728ths. 
VI. 144th8X144thspro.20736ths. 



GENERAL PRINCIPLE FOR MULTIPLICATION. 

Principle xxvii. Mtiltiplyiny by a Number standing 
in any column of Duodecimals will remove the Product" 
Figures as many columns to the right as Multiplier is to 
the right of Units Column, 

Compare this with Principle xn. 

To Multiply Feet, Primes, Inches, Sfc, by any Duodecimal 
Multiplier, 

First. Place Multiplier under Multiplicand ; place for 
place, that is to say, Units under Units, 12ths under 
12ths, &c., column for column. 

Second. Multiply successively by each separate part 
of Multiplier; placing Product -Figures in their proper 
columns, according to Principle xxvn., and carrying ojie 
for every twelve from each column to next on the left. 

First Example worked out. Find the area of a 
wall 14-ft. lliin. by 9ft. 6|in. 

Example completed, 
ft in. 11. su.ft. pr. in. 

Length 14- 11* 3- = 14- 11- 3- = Ar. of strip 1ft. wide. 
Breadth 9- 6- 9' = 9- 6-' 9-^^= No. of such strips. 

11- 2- 5-'"3""=Ar. if 9 1i. wide. 

7* 5' 7' 6* =Ar. if 6in.wide. 

134- 5- 3' = Ar. if 9 ft. wide. 

Area of wall = 142- 10- 0' 11' 3- = 9-ft. 6J wide. 

* Primes are here meant; but Artificers generally call the twelfth part of a 
sup. ft an inch, atthe same time aware that " 144* sq. in. = I* sq. ft." 
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DUODECIMALS. CBOSS MULTIPLICATIOli'. 



m hh 



First Lioe. so.' 

a. 3*8up.m.XTf?=STfTof3-sup.in.^PR.ix.)=27*8ap.4ths.=2' 3* 

Set down 3-"" and carry 2-'" 

b, 11* sup. pr.XT4^ = if4 of 11* sup. pr. (Pr. ix.) = 99* sup. Srds., 

making, with 2-'" carried, 101- sup. 3rds., = 8-" 5-'" 
Set down 5'"' and carry S'" 

e, 14* sup. ftXTiT=TfT of U- sup. ft. (Pr. ix.) =126- sup. 2nds., 
or in., making, with 8in. carried, 134* sup. in. = 11*' 2*" 
Set down 2*" and carry 11*'' 

d. Set down 11* primes. 



Second Line. 
a, 8su.in.X6-'=Aof 3-8U.in.=18-"' 
h, ll-su.pr.X6-'=:Aofll-8U.pr.=60" 
e. 14su. ft. XO-^i^fof 14-su. ft. =14-' 



Third Line. 

a. 3*su. in.X9'= 27*su.in. 

b. ll*su.pr.X9'= 99*8U.pr. 

c. l4-sn. ft. X9*=l26-8U.ft. 



The work may be proved in a variety of ways. 



I. 
By exchanging Md, for Mr. ( Pr. vi.) 

su.ft. , „ ft. 

B== 9- 6-9-=A. ifMg. 6-' 

L== 14- 11- 3- strips 1-lg. 

2.4-8J'"=A.3"lg. 
8- 9- 2- 3- =A.ll-'lg. 
133- 10- 6- =A.14-f.lg. 



A.-142- 10- 0- lliifl4ft.llj'lg 



9- 



n. 
By Practice, 

8U.fl. , „ ft. 

14- 11- 3- =A. ifllg. 
9- 

134- 5- 3- =A. if9-lg. 
7- 5-7-6-'"=A. if 6-'lg. 
11- 2- 54 =A. if 9-'"lg. 



A.=142-100-lliifl4-ft. 1] 4'lg. 



III. Bt/ Vulgar Fractions. 

ft. su.ft. ' " 

Area of strip 1* wide = 14* 11* 3* = 14H siip- ft. 
No. of such strips = 9- 6* 9* = 9,^ 

sup. ft. 

.-. Area of wall =1411x9^ = HU^ sup. ft. 

snp.ft. ' " '" '" 

= 142- 10- 0- 11- 3- 
IT. By Decimal Fractions (^sometimes), 

sup. ft. sup ft. 

Area of wall = 14 9375x95625 or = 9-5625X 14-9375 

snp.ft. 

= 142-83984375 

sup. ft. ' " '" '" 

= 142- 10- 0- 11- 3- 

T. Bt/ Reduction and Multiplication. See Second 
Example worked out, page 234* 

CUSTOMAKY AND STATUTE LINEAL MEASUBES. 

The old or customary lineal pole or landyard = 18-ft. 
The statute lineal rod, pole, or perch = 16i ft. 

.-. Batio of Customary to Statute pole = ^-f-r = f f = i-f 
Eatio of Statute to Customary pole = -j-g^ ~ Jl" ~ "H" 



CDBTOMAay Axo htatdik heasubbb. 

To Jleilnce Sfalule Lineal UniU to Cvstomaty. 

Multiply by II- and Divide by 12- 

To Reduce Customary Lineal Units to Sttztute. 

Multiply by 12- and Divide by 11- 

CUSTDMAKY AND BTATCTE SCPEanciAI. 

Ad Bors of nid or cUKtnmary maaaurE contains Ui 
jt Touda itDd poles as the atnlutc acre. 

t-B«t, Cost. Sup. po. = le- tiniB9 18- snp. ft. = 33i- snp. ft 1 
LWhiltt, Stftt. Sap. po. » lOi times 1(1} Rup. ft = ^Ti\ sup. ft. I 

rHenee, Eatio of Ousl. Sup. po. to Stat. Sup. pa, = -^'*. =i^ I 
■ ' ' "^ '^ ^ a7at lai | 

RatioofStnt Sup.po.to Cost. Snp. po. = ^1^ = 
To ReduK Statute Area tn Cuttomary, 
Multiply by 121- and Divide by 144- 
To Reduce GuiioTnary Area to Statute. 
Multiply by 144' and Divide by 121- 
ind cnsl^Diorj' area of a smail piece of land, take the I 
ions in cusl-jmary poles or luiidjacds of IH- liii. ft. or fl" J 
paeea, beiuIi. The Area will then come out in customary auperfiuial, I 
puliM or iBndfardB. 
Or, lakedinieiisionainfeet, Find Area in aup.fl. Diride bj 31 



I"™ 



Explain every Ime, fully, in writing; specially noting ' 
the change of Unit. Work each Example in, at least, tito 
ways; Vulgar Fractions to be one. 

tFind the Area 
1' Of a aquare fiold, measiuTog 04B' linkB id the side.* 
B- Of a pnrallalograni, dWd' links long, faj 010' links brond.* 
S^ Of a rectangular estate, 10348' links long, hj S11)5- links wide.* 
If Of an oblong ftardea, 08- jards long, by ID' yards broad.' 
fc Of a floor, a rectangle in shape, IB-ft. 11 -in. by U' ft. 3- in. 
Ir Of a quadrangular park, two odjacBnt side^i of whieb meaaure, 
b respectively, 1- mi. B- fur. 20- po., and 45' chains.* 
Seduce both dimetuiimt to miUs, or to poltt, or to ehain*. 
1- Of a triangular plantation, which is 945- links in length, and 
210- linka in perpendionl or breadth.' 



1 gardes 
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8' Of a three-Bided orohard, 2B-po. long, and IB-po. wide. 
S' Of B trilateral pond, Ub-CLloog, b; 01' ft. broad. 
10' A certain road has a UDifonii width of 17' ft. ; how macli Ii 
do 2i miles of it occupy? 

11- At £2- 17-8. D'd, par acre. Statute Measure, what is tbe rent p1 

a rectangular field, Son- paces long, and 131- paces wide? 

12- What is (he area of an oblong aourt-;ard. IBS)- fl. lung, aud 

HS- ft. wide ; and That would it oost to pave, at 3-s. lO^d. pec 
sqaare j'ard? 

13- Eound the inner sides of tbe four vails enclosing a gardes 

ruuB a Toot-path 3' ft wide. Tbe garden Ih a. reot 
11- po. long, by fi- po. wide. Beq^uired the extent □ 
Toad, aud of the garden-ground within it. 
1- Draw the Figure. 

3- Find Area, ijtcluding path. 
8- find Area, within path, 

4- Subtract. 
11- What would it uost to plaster a ohamher, I5- ft, long, 

broad, and 0' It. high, at l^^d. per square j-aid? 
See Second Example teortced out. Page 279- 

IS' If a person rent a meadow, of reotangular form, 3245- links 
long, and ITTfi- links wide, at £3' Ifi-s. per acre, customary 
measure, and sub-let it at the Kame rale per statute acre, 
hon muab will ho gain ? 

IS- If the rent of a triangular plat of ground, 10' pa, b; S3' po. 
be £(!■ 10-s. 7}d>, what is tlie rate per statute acre, and per 
customary anre? 

17- A rectangnlar garden ia intersected by two paths, having the 
nniCocin width of 4- ft. 11' in,, and crossing each other, at 
right augtes, in the middle of the garden. Aacfrtain the 
extent of each of the four cectangiilar plats into whiafa the 
garden is thus divided, the paths being, respectively, 50' fL 
and 40' ft. long. Find, also, how much space the paths 
occupy. 

Draif the Figure, 

18' How mnch land is occupied by all the turtipike roada ia 
England, taking their united length at 24,00U' miles, and 
their average breadth 30' ft. ? 

19' If this land were in tillage, what rent would it produce at £3- 

iO- Find the two similar results with reference to the cross roads 
of England, said to amount, iu united length, to 100,000- 
milesj allowing their average breadth to be one pole. 

31' A rectangular Geld, measuring 18'7a chuns, by 11-3 chains, is 
bounded by a ditch of the uniform width of I&- links. 
What space does tbe top of the ditch occupy? 



32' What area of gilding 



See Example 13- 
1 (hen 



piGtnTe-&Biiie 31^ ii 



ABTinCEKB 



Find the reipeative Areat of the Seclangltt hailing Iha 1 
folloieiiig diTneniioni. Explain ivery line of tht uorft. Solvt \ 
each in t>vo way*, Vulgar Fractions to be one. 

by 2' 1- : 
by 1- 4- 1 
bj 3- 6' : 



8 




■ 17 
- IB 


e by 6- ef 
by 7- Oi 


1£ 


4 bj fl- 10- 




7 by 8- S^ 


■ b: 




■ OJ 


10- by 13' 7> 


■ 14 


M- by 33' 8- 


• 8S 


fi- by ai- 4.- 


■ 67 


&■ by 30- 3- 



■ :o' 

The cost of Buperflclul 
ExKKCisB CTii. F. and a., 
fractional Tnethode a 

FifiHT Example 
flooring a rectitnguli 



■ 10- 



by 6- 7- 



, 21-a 



Area in squares = 
Cost of flooring == ' 






by 7- 6- 1- 
may be found hy Practice, 
^es 261- and 263', but 
frequently used. 

:ed OCT. Find the cost o£ J 
ft. 8- in. long, by 18- ft. 



338- X 181 -^100- 



of 100' superficial feet. 
98- X 37- 



3- X 2- X 100- 

= ue- Bi9.=£e' C'8. loR Hq- 



Second Ex.vmplb worked out. What would be 
the coat of painting a wainacotted room, 12- ft. 3' in, high, 
18' ft. 6' in. long, and 1 4 ft. 9' in. wide, at TH- per square 

Eiamplo oompleted. 



Her 



Whole length of WHll=twice length and breadth of room. 
=(ie- U'' + 14- 9-) xa- = 0(l-B- 

P. Area painted =(084xl4f)an.ft.=flBOJsu.fl.= l08f) sn.jd. 
Now, ln9' (or 0- (loz. + !■ ) at !Jd. cost (7/8 X B') + 7id. 
.'. Cost of painling = £3- 8-H. Ijd. THrj nearly. 
The error is only ^ of 7id., or i| of a fartbing. 

But, in computing sup. yda.. much time and trouble 
will be saved by turning the lineal dimensions at once , 
into yards, and multiplying, if neceseary, by fractions. 



OF QKOUND. 



Tlius, in foregoing example, Length = 6Gt ft, = 23i 
Breadth = 14Jft, = iiijd. 



» 



Here in another mtlhod. paitly duoilecimnl, but of no parti«i2B$. . 
value. e»ept an aa exercise. The pupil will eiideavaur la explun 
the process. 



= Area, iC !■ jd. wide. 



a- 0- = Area, if i- yd. wide. 
7- 0' = Aran, if 3- ft. wide. 
4- 10- (!■" = Ares, if 0" in. wide. 
Area, if i- yd. 3' ft. ' 



su. jd. 8tft_= lOSfJ 



i.yd.. 






Thibd Example wobked out. A rectangular plat of 
garden- ground measures 76- ft. 6- in. by 51' ft. 9- in. 
Ascertain Area and Kent, at 6'd, per customary superficial 
pole or landyard. 

EKainpIs flampleted- 

I. Reducing lin. dimensions to oust. lin. po. of 18" ft. 

Leugtli in C. po. = 70 J ft. H- 18- ft. = 4^ =- Jft = 41 C. 11a. po. 

Breadth in C. liii. po. =31! ft--^18-ft. = S^ or aj C. lin.po, 

.-. Area=.(ltxaj)='^=iasVC. Bu. pa 

And, rent = 8d. X W = H^i- = 8-8. Hi. 

IT. Orthqa: iHns L-oaTeaientlsr, 

Area = (T6ix51J) su. ft. = 3958^ su. ft 
= {SUSl -~ Sii-) 0U3. Bup. pa. 
= 12^ or 12aV cua. aup. po. 

.-. Rent = 8-d. x 12^- = 8-b. Hd. 

Area of same plat in StatutH Messure, found bj- ralB 

given on page 277- = (S^^-X Hi) statute poles. 

= ■^I'i^* <"■ l^s sl- po. nearly. 

Tha error is rfr of a statute pole, or ^ St. po. nearly 



I 



EXERCISE CXir. 
eo»< of the fntloaiTiff. 



C. 





ARTIPIOBKS' WOEK. AtlOTMENTS OF GBOU 


ND. 281 


Flooring rtclanglen, at per rquare of 1(K)- ntp, /(. 






rt in ft IB. 




B. 


in. ft. 


in. 


1 


aa B bj lu- e-at2i/ 


6- 


lOB- 


«■ by 31- 


6' at al/B 


2 


fi4- 3 bj 88- 3- al 31/6 


6- 


3fi- 


S- by 38- 


8- at 38/ 


S 


J8 e bj 17' B-ataj/B 


7- 


39- 


3- by 39- 


3-at3S/ 


i 


90 3 bj ai- 1- Bt 18/9 


8- 


47- 


11- by 25- 


0- at 27/6 


Fleattrtng Ttctanglei, at per square yard. 












n. 


D. ft. 


in. a. 





35' by 13- at a/3 


14- 


as- 


■ by 6- 


0- at lOj 


]0 


47- by ai- at 1/0 


15- 


42' 


■ by a- 


3- at 11- 




(13- by 17- at a/7 


10- 


04- 


■ by 17- 


9- al-ftj 


1-3 


59- bjr aa- at 3/fl 






• by 1- 


a- atU- 


13 


63- bj lU' at 1/10 


18' 


69- 7J by 1- lOJ at 13- 






yard 








(L in. n-ln. d. 






In. in. 




10 


eO' 9- by 1- IJ at 3i 


34- 


108- 


0- by 11 at ^ 


W 


34- lOi by a- 3- at BJ 


as- 


383- 


9- by 4} 


at aj 


21 


laa- a by I- B} at 41 


ae- 


tl4- 


0- by Hi 


at 7' 


23 


04- 9- by !■ 0- at aj 


37- 


lfl3- 


3- by 13i 


alSi 


33 


63- li by 2- 7S at ej 


aa- 


400' 


0- by 8- 


atOi 


aa 


At 10-d. per anp. yd., what woald b 


th« 


OBt of plaa 


Bring the 




waliH and ceiling of a roam 


a4-ft 


11- in 


long, by I 


S'ft-Bin. 




mde, BDd 13- ft. 3- in. high, ded 


ucdng 


for two doors, each 




3- ft. 10' in. by 7- ft. 1- in 


,Bnd 


a. Braplace 4' ft 


2- in. by 




5- ft. H-io.! 










30 




in tbe clear 1' R. a 


io. long. 




3- ft. a- in. wide, and 17- in 


deep. 


Wh 


t weigbt of lead wiU 




lineitatS'lb. persup. ft. 
What would tbe leaden lining 










31 


09t at ia-8. per cwL, and 7- lb. par 



33- SuppoHing that 6- cwt. a- qr. S- lb. of lead, uniform in thickness, 
will line a ciMcrn hi It. long, by ih ft wide, and af ft. deep, 
what does a sup. ft. of tbe lead weigh t 



Find Ana, Ciuilomary Meaaure, i 

allotiaenta of garden-grownd, and cd 

e per mmt. sup. pale or landyard, 

144- by 94j at B- 

99- by 81- at 9- 

119i by fiOj at T 

lUSi by Hfli at 10- 

fl71 by B7j at 10- 

1081 by 85J at 9' 

139} by m at 11- 

173j by 49J at 7- 

JalJ by 783 at 10- 

8SJ by aif at 8- 



4' BJ by 4- (ij at 1/. - 

7- 13} by 2' 9- at 1/4 

a- lli by 3' 1} lit 1/3 

fl- ia| by 0- 15? at 1/3 

13- 0- by 6' 131 at 1/8 

i- e- by i- 0- at 1/B 

18- 4} by 18' 4i at 1/9 

9- 101 by a- 15- al a/, 

10' la- by 0- 10} at a/3 



BKICKLAYEKS 



COMPUTtSG BKlOKtiYElts IVOBK. 

A square rod, pole, or perch = 272i sup. ft. ; but 
bricklayets reckon, for a rod of lliL-ir work, 272' aup. ft. 
of a brick and a half (or 13^ in.) Mck, a. brick being 9- 
incbes long. And all walls not of this thickncsE are to be 
reduced to it; to do which, we multiply by the number 
of half bricks in the thickness, and divide by 3' 

Anuat praudcol metliiid of perrormjag this roduclion is exhibited 
io thii Bulijuined example, taken Irom Skyrlng's Builden)' Prios 
Bool!, 1851- 

No1e..that u coarHS of liHcba is n tow of them, ruid is 3- inches 
in height; .-. i- courses = 1- Foot high. 

"Suppose the froat of a home to be 18' it. long; the fcotingB, 
two caurae in three aud a half bricka, ods oouteb ia three bricks, 
and ooe coutaeio two and a half bricks; the baaemem" (8-fl. bigb), 
"two bricki!; the ground Boor" (Khft. 6' in. high), "one and abalf 
brick, and from tlienoe, (IT- ft. fl- in.) one brick thick, to the 
underside of tbe coping." Tika the ainiensions na under, and 
form the same into the following ahstract, viz.: 



*'p;| 0-of3J= iU'ofl 



O-O' of I- + D'-O-uf IJ 



'' g]l -liof ai= i-6- of 1- + 
;; Q.llJl-of 2- =2Be-0'of 1- + 
|| j|ll8B'of li= 0-0- of I- +lf 



)■ 0- of JJ 
3' 0' of li 



I 



a- loda 8i 
Area of wall at H hrick thich = 2J- rods, nearly, 




r BBICKI.AYBB9' WORK. WEIGHT 


? CATTLE. 2ffi 


f The same may be dona thus ; 




■ ■^'^ "-*- n^7. 




18- il by a- in. = 0- (of 3i) = ~^-^ 


or ai- 0- of li 


18- fi. by S- in. = 4i (of 3-) = .*i^l- 


oc 0' 0- of li 


18-ri. V 3- in.= iHof ai) = ^iiA^ 


or 7- 0- of Ij 


.JB- ft hy W ft. = 111- {at a-) = iiilAil- 


or ISa- U. of li 


,8- ft. bj IQl ft. = 180' (of li) = 


18D' 0' of 1, 


^■ft. by ITift. =313' (of 1-) =?15l^^ 


or aio- 0> of 1. 


-lr«i of WaU = 


(128' B- of i- 






• Or still more ortnrfaely, thus; rodnoing eacll aeparalo portion oi 
he wdl to the thickneBy of h&lf a brick, adding, nnd dicidlns bv 3 


bnce for all. (Pbinci.'LE xxvt.) 




Isl footing = "u- X T' = eS- 
Bud footing = IJ X 8- = a7- 
9rd footing = IJ X 5-' = 22i 
BiBement = 111- X 4- = S'G- 


of i brick. 



Ground floor = IBn- X S" = 007- „ „ 
To top of work = SIS' X 3-» =1)30 . „ „ 

aaaj o f li briok. 

• Wkeif do t/iFaf MultipHtn eomrfi-omt 

In the West of England, and in other tliatticta, free' 
^tone walla are computed b; the aupeificial perch ni rod, 
t 2- square yards (18- ft. long, by !■ ft. high); the price 
r perch being regulated by the thickneas agreed on. 

EXERCISE CXII. E. 
- Find cnit of undermtntionBd rcctnnsitlnr pieces of hrickieork, a 
btted pricii per rod of 272- ru.ft., Hbrkktkiek. 



by a- 3- 
by U- 6' 
by IB' 8' 
by la- S' 
long, U- 

long, ai- 
long, 3a- 



of 4- bricks, at £13- 
of a- brinks, nt £ia> a-i. 
of 2i bricks, at £11- IB-B. 
of 3- bricka, at £la- iB's. 
of 3i bricks, at £11- lO-s. 



I- br, a 



.t £3- 



.e prioei 



I WEIGHT OF tlTE CATTLE. 

ExAUFLB wo&KED OUT. A grazier, wishing to eetM 



►884 



WEIGHT OF OATTtB. 



I 



I 
I 



mate roughly the weight of an ox, conBiders the Buperfici&l 
extent of the hide as equivalent to that of a rectangle 
httTing the girth and length of the animal for its two 
dimensions. He then fixes on 22- lb. as the probable 
average weight under a. superficial foot of the hide. 
What is the weight of the beast on these Euppositions f 

Ann of rectangle 0- ft. 5- in. by *■ ft. 3' in. = afi-' 9- 10- = aefj 
.-. Estimated weight = 22' lb. X aflfj = 5- owt. I" qr. 0^ lb. 
But, in actual bnsinesn, the fj would be taken as |, wbicb would 

oceaiion an error of only A, f" J = ft- 

.-, EHimaUd vjtight = (jieatiy) a2-lb. X 36}=5-owt. I-qr. OJlb, 



EXERCISE CXII. F. 



!■ Q. 0- »■, L. 4- : 
a- G. 5- U', L. 4' i 
9- O. 7- a', L. 4- f 
i' Q. T- !■, L. 4- 1( 
&■ G. (I- 8', L. 4- I 
(!■ O. 8' O', I,. S- 1- at 38- 13- G. fi- 3-, L. 4' 0', at 83- 

Thia method of estimating the weight of cattle is conalatitly 
emplojed hy graziara and butchers. Its accuracy, in any inslanee, 
depeada mainly aa the precision nitli wbicb the i*eight per foot is 
fixedj a matter iu which eii>erien(!e muHt guide. 

The girth is meBsared immediately behind the shoulder, Tbe 
langth is taken Erora the point of tlie shoulder to ' * ' 

tail, or nearly, according to the form of the animal. 

ABBA ASD ONE DIMENSION OITBN TO i 
OTHEE DIMENSION. 

Calculations In Superficial Measure deal ivith , 
Length, and Breadth. When any two of these quantili 
are given, the third may be found. For, in the same sense 
in which we say that 

Area = Length X Breadth, (Page 270') ^H 

we say also that ^^| 

Length = Area -r- Breadth, (Prin. xi.) and ^H 
Breadth = Area -r- Length, (PaiN, xx.) ^^ 

We must here repeat that these formula are only convenient, and 
not accwaU. For, Area, consisting of supBrBoial Units, canoot he 
divided by (that is, distributed into lota of) Lineal Unite. HeDO% 



7 


O. 7 


B 


6. 6 


9 


G. 


lo- 


Q. 6 


ll 


G. e 


13 


G. fi 



1 Am^" 



E niMEN. I 



riR 



Area cannot be divided bj LengUi dc Breadlli. {See Pages 106- and 
!iIS') The Buhjoined examplea worked oat nill ei^liibit the true 
meaniDg of ihu foregoiog formulie. 

FiflflT ExAsif LE WORKED OUT. How wide ia a rect- 
angle whose Area is 64-75 Buper. chains, and Length 
12-95 lin. chains? 

The Breadlh, whicli we are to discover, will be eausl to as many 
lineal nhniiifl as thare are, in the reclangle, longiludiQBl strips each 
1- chsin wide. And bbbIi Bnoh strip contains la-BB super, ohains. 
(Whj?) The qapscjon, therefore, rBsolvas ilseK into this; How 
many reclangiiiar strips, each containing la-OB super, ch. cnn be 
formed out of a rentaugle whose Area is 81'75 Bnpar. ohnins? 

i''^^^^P;:^;''^j^i2-95)64:75=Azea of rectangle. ■ 
^ 5- =No.of strips l-ch.wide. 

.■. Si'eadtlt nf Bectangh =l 5' lineal chaiiig. 

If Area and Breadth be given to find Length, then. Length ^= as 
many lineal cbitins as there are tTamverie ilripi, one ohain Ions'. 
And each snch strip conlains &■ sup. chains, because the rectangle 
ia Q' cbains wide. 

Ac. tr. strip, !■ ch. Iff. 1 "JH 3°.' -?■ . • , 

= B. of reot. " 1 = 6' )Bi-76 = Area of rectangle. 

la-96 = No, of tr. strips V ch. long-. 

.-. Length of Rectangle = 12-93 lineal eJutins. 
Shcobd Example woitKEn out. The Area of a recl- 
aogular court ia 68' sup. ft. 3'' 3-", and its length 9- ft. 
5- in, Required its Breadth. 






Area = OS' s. ft. 3' ■ 3- " = 0W31' 
Area of strip ) 



mpleu 



i 



Length = 113- li: 

n3- jUSJli' Area of rectangle. 

87- strips, long as rent, and 1 in. wide 

Breadth of reclaiigh = 87- lin. in. = 1-ft. 3- i 

Area and Breadth be given to End Length, then 
"in^'long! ) =^''° )"S3r- = Area of reetangle. 



sv. BtripB, ea. 1- in. long. 
.-. Length of Rectangle = \\Z- lin. in. = 'i- fl. i 
Tor other ParaUelograma the pro< 



Thikd Example woeked t 



precisely the sbu 
How long ia the 
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Base of a Parallelogram whose Area is 47' ac 1- 1 
and Perpendicular Height 16-5 cliains?. 

Ei»mpl« cnm pitied. 

Area of Parallelogram = 47'43JS ae. = 1T1-37S sup. cl 

Area of IransY. strip, 1- eh. long (= perp. hL of Par.) = 16-5 

.-. No. of sach strips ^ 474-37S -;- lB-6 = 38-75 

.-. Length of Parallelogram = at)-75 lineal chaing. 

Fourth Example worked out. What is the Per- 
pendicular height of a Triangle whose Area la 3' ac. 3' i 
3i po., and Base 17f chaitiB? 

Eiunple conpUUd. 
"■' 3- 31 = 3T°7ia75 = At^s of Triangle. 



But, Perpend. Height a( Triangle is the Heme m that of 

Parallelogram, for tlieyare supposed to he on the name base, and the 

Parallelograni double of the Triangle. (Page 21-i-) 

. : Fei-pendiaular Height of Triangle := 4 J linml chains. 

Or thna: 



4-^5 strips* in Par. which is doableoC Tri!uig!e = Perp.Ht 
.■. Perpendicular Height of Triangle ^ 4j lineal chaitu. 

EXERCISE CXril. 

De»cr3ie, accamtely, in writing, each Divisor, Dividend, 

■and Quotient. -Prove each Example hg working out the 



Area, with tlie Dimeiuion found. 



t' Of a Parallelngrani, 

Find Base. 
2' OfaRaatangla,iei3' 

Find Breadth. 
3' Of a triangnlar meadoff, 9- 

Perp. HeighL 
4- of an oblong roam, afi9' su. 

Find Breadth. 



ac. 13-8 pa., and Perp. Ut. 610' lil^H 
2-r. LB'Oie po., and Length 19318 Unka. 

10- po., and Base 28- pa. 

II- ' 9' ", and length Ij 



Find 




^ 



0- . 

no- 
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r B triangle, 28- an. po. 24- ;d. 1- tt, and Breadth 61' feet. 

Find Lenglh. 
on niile is nn o^locg pesssge of which IT' ft, are eiaclly 

1 exchange tur a rectaDgnlar strip of Innil, (required far road- 
making,) sail' linlis long. Bud T3' liukn «ide, a Iriangnlar 
plat is offered whicb me; be 17J- liulis in perpeodicnlar 
hreadth. What laogth of Base ahonJd it have f 



How man; yards of carpet 20' inches Tide will cover the Qoor 
of a recUQgular room 1(1- ft. 8" in. long, by 13- ft. 4- ' wide, 
maliing no allowance for matching the patlern, in tlie seTeral 
lengths? 

Supposing the room referred to in last esatnple to be 9' ft. 3' in. 
high, how mBDj pieces of paper al' inohee wide will cover 
the walln, each piece containing Hi lineal yards? 

What length of rectangolar hoard Sj in. wide will be equal to a 
siiperflcial fnoC? I 

How much planking 1(1- in. wide will floor a room 11' II. It" i: 
iong, by laft. 4- in. wide? 

How many yards of velvet trimToing ^ yd. wide can be cDt from ' 



The length of a rectangle being 34- ft. 10' in., end its Area 815- 

su. It. 9" 10", what is its Breadth ? 
From a rectangular piece of bull ding- ground, whicli in 3<ti^ ft. 

wide, what Length must be out off to make an Area of 

eOBl- au. ft. 4-' 3-"? 
Given Area of Eact. B88- au. fL lO-' 10-", and L. 1I5J ft. and B. 
The apace occupied by s certain oblong piece of common in 

known to be 613' ac. SO' po., and its uniform width 40- chai 

Eequired its length, 
If a triangle IS' po. in perp. height, have an Area of S' r. 10' po., I 

what is ito Base? 
What IB the average width of a road, of nhich 3J miles have i 

an Area of 5- ac, 4' po. 28- yd. 9- ft, ? ' 

The walls of a rectangular chamber cover an area of 51' aop. yd, i 

The apartment is 15- feet long, and 0' ft. high. How wide 1 

Find Breadth of a rectangle of which Area ia 1R24- su, ft., and I 
Length 80^ ft. 

From a atrip of land BI- ft, in perpendicular width, what length I 
muHt be cut oS ta be worth IB'ii, 6id, lenl, at 0'd. per < 
customary Buperficial pole? 

reclangnlar Seld, lVi5- links by 500- links, is to be divided 
into two equal longjludinal strips, and tbeee again si ' 
divided into rectangular allotments of 30- saperflcial stati 
poles each. How many allotments will there he, and wl 
will be the length and breadlli of each ? 



MD U&ASCBE. 



1- At wliai rate per Bqnara jnrd will the plastering of a. wait 

by 13- ft, ami £5- I3h. S-d.? 
3' A parallelogram haying an area of 5' bu. ft. 9* ' 3' " 

3' ft. A- ' 10' " long. Required its perp. width. 
3- An oblong of garden-ground 21- ft. B' in. wide is worth a 

i-a. i^i, at S'd. per customary sup. perch. What is iw 

length T 
i- At what rate per square vlll a floor 30' fU 6' In. square cost 

£22' S-s. 8d.J 
9- The paving of a court-yard onst £'JS' S-s. G'd. at n/0 per aqiura 

yard. What was itB breadth, its length being S!)' ft. ; 
G' YThat 15 the perpendicular height of a triangle, which, being 

O-ie- hnks in the base, has an Area of I- ac 21- po. 18-31 

sn.yd.f 
T' At Hid. per sap. yd. the plastering of the wnlls of an apartment 

costs £S- 1-a. 7^. Now the room is a rectangle lOJ fC. wide, 

and the walls are 9' ft. in height. Uow long is it? 
B' How wid^ a rectangle or parHllulograra, 114- ft. long, mil be 

ivorth 3H/. a year, at H-d. par onst. sii|>. pole or landyordf 
S- At 9/7 per aqnara yacd, a. raclangular. floor cost £16- T-B, "' 

anil it was <I3- ft. long. How wide was it? 



1 



CUBIC OE SOLtn MEASUEB. 

The Solidity or Solid Content of a body ia expreaaed^ 
by the Tinmbf-r of solid units which it contains. And the 
Capacity of & hollow vessel is esprcseed by the number 
of solid units which would exactly fill it. 

A PriBin is a solid having three or more paralblograms 
for its sides, and any two equal, similar, and parallel 
figures for its two ends. 

If the enils are trianglea, it is a t!iFingvilB.r prism, or wedge. 
If the ends are racLaaglus, it is a rectangular pri^m. 

A SectajigQlar Prism, or FarallelopipedOD, is a solid, 
having six rectangular sides, the opposite ones being 
equal and parallel. 

The ends are also called Bides in thiy deflnilion. 

If the ends are squares, it is a square prism. 

Hence, a cube is a square prism. 



COMPTTTATtoS OF SOLIDITY ADD CAPACITY, 

In computing the solidity of a prism, we imagine 
be cut, either into 

I. As many horizonlal slices, of equal thickness, as lli( 
are units in ihe thickness of the prism. Oi into 

II. As many Vertical Transoerse slices,* of eq,aal 



I 






r. Upright, 
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Irnglh, as there are units in the length of the prisn 

III. As many Vertical Lonpilutlinalf slices,' of equal 
width, as there are units in the Breadth of the prbm. 

Then, in the first case ; 
■■■ Soliility of Horizontal Slice = Area of Top = L X B.| 
And, Xo, of Horizontal Slices = No. of naits in tbicknsss of Psm. 
.■. Solidilj of PriBm =.^rea of Top X Tbielnesa,; = (L X B) X T.] 

In the EecoTid case : 
■.■ Solidity of Verticul TransversB Shoe = Aren of BiKl = BXT.t 

Atid No, of such slicpB ^= No. of nnits in length of PriBm. 
.■. Solidity of Prism = Area of End X Length = (B X T) XL. t 

In the third cbmi: ' 

-.■ Solidity of Vortical LongiludiiiBl alii!e = Area of Side = 1. X T.J 

And, No. of such slicss ^ No. of units in Dreadlb of Priam. 

.-. SoUditjr of Prism ^ Area of Side X Breadth = (L X T) X B,} 

Soiidiiy o/'Prism = L X B X T. (PainciPLE vi. 

FiEsT ExiMPiE WORKED OUT. What is the solid 
content of o. rectangular block of stone, 6- ft. 7' in. long, 
6' ft. It- in. wide, and 3- ft. 2' in. thick? 

^ 6' 7' = I. -ir.of (oporliniigni.if Itt.wid8(l). 



^"^F 


II' 






= Ar. of loporbi 


jKom if flft.wiao. 


6- 


0- 


5' 




= Ar.of loporbi 


,llom,if U-ln. Btde. 


38- 


11- 


6- 




= ij.df loporb, 


illoiii.= Solidity, if l-ft thick (3). 










= T. ^^No.horiz 


™t^«Uo™,fia.l-fi.ttek(n 


116- 


10' 


3- 




- Solidilj of Woi 


3k if 3- ft thick 


6' 


5' 


10' 


1U-" 


' = Solidity of hloi 


nk.ifS-in.lhlok. 


123' 


4- 


I- 


10- 


.^SalidilyofblQ. 





IMPLICIT CHANGES OF UNIT. 

In tlie work of the foregoing esampla foar iniplieil obnnges of 1 
unit are made, to wbicb the figures at the ends of the lines of I 
esplmation refer. ^ 

Thefirstandsesondof these dianges of unit occur in the compnta- ! 
lion of superficial Area, and have been already eiplained. (Sea 
pages 270', Ac.) 

In the tbird, the lUperJUial unit* expressing tba Area of the top \ 
or bottom are imphcitly changed into lolid vniti, expressing the 
toUdity of a tlice I- ft. thick. For, as soon as we bejiin to multiply 
the 38' su. ft. 11- ' &' ", we must consider them ns solid ft., primes, 
and seconds; since tbe repetition of nothing but solid units (or 
IS of them) oao yield a product of solid unita. 
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The fcmrth impUoit change 13 thai of tl 
into 3^ horizoDtat slicm, ea. 1' ti. chick. ' 

These implicit changes of twit are of necessity made vhenerer 
we Tork out Solidi^ from Lineal dimensiinis. The; are, faoweier, 
most cominonl; entirely tost sight of, and, coDsequently, the proeeu 
in which they OCcor, is not clearly understood. 

Proof. We have found the solidity o£ the prism by 

the first of the three procesaes described above, that is to 
say, by multiplying solidity of a horizontal sltce by the 
No, of units in tbickness. Tbe correctness of the result 
may be tested by also working out solidity by either of 
tbe other two modes, namely : 

II. By multiplying Solidity of Vertical Transeerse alice, 
ty the No. of units in Length. 

:• Solidity of Prism = (B. x T.) x L. (Pkin. vi.) 

III. By multiplying Solidity of Vertical Longitudinal 
slice, by the No. of units ia Breadth. 

:■ Solidity of Priam = (L. x T.) x B. {Pkin. vi.) 

The pafU mill find il a good a 
ttork, leriUng againii each lilt 
lignijkaiioni. 
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10- B- 


0- 
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Before mullipljing the dimensions together tbey may be reducej 
to one denomination, wbiati, in tlie present instance, wunld. be 
lineal incbes. Tbe result tvguld then come out in cubio or solid 

inches. Thus ; ' 

.SoiiWiVyo/'/'Wsm=(79K38-x71')cu.i"n. = 213142'ci 
= 123- cu. ft. 4-' l-" lO'"' 



£xpla 



EXESOISE OXIV, 
1 every line. Work each Example i 



ftiU^H 



17- 81 8- II'; 
13- 9-; 0- 0-; 
6±' 10'; 16- 4'; 9- 3- 



»' ai; Q- 1^: 1- 8i 

7- eji i- ai; a- oj 

8- lOi; 1- fli; lOi 
1- aj: ill; lA 



11' Wliac is ttio BoUd coiiteDt of a triangular priam, or wedge, tlia 

leuj^tH of its base (a rectangle) biding 14' in,, breadch of | 
Same 4' in.) and perpendicalar beight, from middle of ba.'^e 
to edge, lU-iD.P 

Solidity = Area of End X Length. 
B. 
Find lolid content anrl cost 

!■ Of a squared log of timber, 52' ft. fi- in. long, by 'iV in. wide, 

and 18- in. thick, at l-s. 4'd. per ou. (t. I 

S' Of a pavement of Al>erdeon granits, 40' jrd. long, 6' ft. wide, and I 
10' in, deep, at 6/6 per cubic foot, including labour i 
hoisting and setting. 

3- Of lOO' blocks of York-Uire stone, aacli 6- ft. a- in. bj 3' ft. 8- ir 
byl'ft. fl-in., at4/a per oubin foot. 

4' Of con- inch-and-o-hair plaaka of Memel fli-, each SI- fl, S' in. 
by 32- in., at £1' IS-s. per load. 

6' Of a wall, 40- fL long, 18} ft. high, and 30- in. thick, at T-s, lOid. I 
per DObic jard. 

6' How mnch marble is cantained in a squared bloDli which is 1' ft. 
ll^in, long, 15' in. wide, and 5' in. t)]ick7 i 

Work,Jirit by Valvar FraetioJu, and then by Duodtcimals. 

7- What is the apptonimate weight of a haj-riok, tlte base of which 
is a reclangie, the sidaa nod ends sloping regularly outward 
from the bottom, and the top forming a roof-ridge; the mean 
length being 14- fL 3- in., mean breadth 6- ft. W- in., and 
mean height 9- ft. 6' in. i reckoning 4- lb. « the cabio toot! 

The mean dimensions are those which the rick would have 
were its four sides vertical, and its top Sat. Mean length and 
breadth are taken midway between the bollom and eaves; 
and mean height in a vertical line from bottom to a point 
half- nay between eaves and apei. 
' The rick will, therefore, be computed as a Bqnare prism, of givefl I 
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■• 7' 8'; 3- 4"! 
% 8- e-; 4- 2-. 4 
no. U- 10-; 8' 1'; fl 
11. 13- 0-; 7' 3'( 7 
1'^. 11- 5'; e- 10' i fl 
13. IG' S-; 7- fl-; fl 
14- a.'i' a-; 13- 3'! 8 
M' 33' 4-; 10- 5-; U 


1-i 7-i 4 

B-: 6-; 3 
10>; 8-; 6 
4-; 4-; 3 
(I'l 9-; 7 
6'! 6-i a 
6'; 10':- fl 
3'; 7-; 4 



IB 
6 
9 



la 

8 
13 


0- 

(C 
0- 
0- 
0' 
4' 
4' 




CAPACITY OF CISTKBXa. 



In Ona alealatiiig the ireiglit of k rick, as of an t_ 
m<Bt imporUBt elemGni U the &af^ estimatioii of tltia n 



Second Example wobsed otrT. How many g 
of wstet will a tectangular-sided cistern contam, m ' 
15* ft. loag, 4.t Ft. deep, and 7i ft. wide? 
A cubic foot of water weighs 621 lb. ] 18- and 19- Tu. I 
A gallon weighs 10- lb. j cap. 72- - | 

.-. A cubic foot contains 621- -^ lO' = G\ gal. or 25' qte. 1 
.-. Capacity of cistern, in qta. ^= 25' X L- X B, X D. 
.-. No. of gal. cistern will contain =25- x 15- X4t x 74-^*- 
= 25- qta. X 506t-~4' 
= 3164- gat. 2- gUls. 
From Uiis cisiDple ve derive a neat and simple rule. 
Tojmd the qwintiti/ conlahud in a cistern. 
Multiply mean length, breadth, and depth, together; 
then multiply by 25- and you have the quantity in quarts. 

EXERCISE CXIV. 



1- How laaur hogabeada vill a cnbiral vessel contain, measuring 
5- ft. 6- in. in the clear? 

3' What, ia the wdgbt ot an inch deep of riua over an acre of 
laud? 

3' Haw many cfaildren can be proper!; accommodated in a school- 
room, 3a- ft. 0' in. long, 34- ft. wide, and 18- tl. 8- in. high, 
allowiog aixlj-five cubic feet for each child ? 

4- It is said that the raasK of water pasaiug per minute over tba 
falls of Niagara is equal to that cnnlained in one-flfih of a 
mile of the Thames, at a part where ila mean depth is 
20' feet, and mean nidth lOOO- feet. Compute tbe guantitr 
in gallons. 

&■ In what time will a !eet 4' feet wide, through nhlcb a stream, 
li- in. deep, flowa at the miifotm rata of S- ft. per second, 
fill a reservoir whoaa mean dimensions are DO- ft., 30" fL, and 
IM-ft.? 

Quanlily pasHng per teeond = (4- X 1} X 8') a 
Find-eotl of txeavalmg ditehfi, of underiaenlioittd m 

Horn, at per cubic yard. 

Leb^h. Breadth- nppth. 



10- 



B- !»■; 



soimmr of kouqh tiubes. 
I Alto of making hedgei or embankmenti, at per cjibic yard. 



18- 100' I 
14- 15- ch.; 



473- ft. ; 



&ift.; 
8' ft; 



6-ft.i 
6ift.; 



7'd. 
4|il. 



16' Wbst qnantity of irood is oontained in a cubiaftl box irbiah ] 
measures It' in., outside mi>asure, and whose sides and J 
hotWra are 1- in. thick? 

I. Find qaanlity, tuppotina box to bt loUd. 
II. Find capaeitt/ of the holioa box. 
ni. Subtract. 
(See ExERCiBE cxn. a. 13-, I7-, 31-, and sa-) 
17' A reotanBular eranite trouBh measuras, oiiteide, (!■ (t. ()■ in. long, 
2' ft. 0- in. wide, and 1- It. 3- in. deep. The botWin ia fl ' 
thicli, the sides and ends are <I- in. thick, and the st 
weighs r cwl. 'i' qr. per cubia loot. What is the weight of 
the trough 7 
18' Bow mnoh granite naa eiaavated in mailing the above- 

mentioned trough out of the solid squaro prism T 
19- How many gnllous will it oontain ? 



1 ROUGH 1 

A log of rough timber is computed aa equivalent to a 
square prism, of like length, having the sum of its four 
sides equal to the mean circumference of the log. 

Hence, side oE supposed prism ^ i circumference of J 
log. 

If the loR taper unifonnly to a point, its mean c 
ference is its middle giTth. 

If the log taper uniformly, but not to a point, its mean j 
circumference is half the sum of its two end girths, i 

If it be irregular, several girths must be taken, at equal 
intervals, these girths added, and their sum divided bj 
the number of them. The result will be the n 
cumferonce of the irregular log. 

To compute appi-aximate solidity of a log of rmgh 
timber. 

First." Find mean circumference of the log. (See above.) , , 

Second. Take one-fourth of this and square it. (P. 43") 

Third. Multiply result by length of log. 
Desoribe a circle. Place a square in it, so that each of the fc 
angles may rest on circumfereuDe of the ciicle. 

It is evident that each side of the square is less than one-fonrth 
of the fiiroUTE ference of circle. Therefore, the prism of which w 



BFECIFtC GBAVITY, 



n could b 



heirn out of tbe l^j 
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have been spettkiog is greiter 
equal to it in circumfereace. 

Tlie excess of balk asaigoed to tlis prism is to make up for tli« 
wood removed in squaring. Thia, howDver, it only does in pai^ 
the laboar of squariug makes np for the remainder of wood remoTei 

EXERCISE CXIV. D. 
Find approximate soliditt/ of rough luffs of foUrjuiing 
dimeiigions. 

V Leogth Ifi- fL 0- in., middle girth 32- inches. 
2- Length 33- ft. 4- in., eud girths 11- in. and 45' in. 
3' Length U' fL. girths at equal intervals i- ft., 3- ft. 9- in., 
4- EL 3' in., and 2- ft. 0' in. 
It is frequently advisabla to compote the i:( 
boia too sets of girths, as a lent. 



L 



a rough log 



■ GEAVITIES. 

The Specific Gravity of any material is the nmltiple 
or part which its weight is of tlie weight of distilled 
water, equal bulks of each being compared. 

Thua : 1' CU. in. of gold weighs as much as 19f cu. in. 
of water. 

.'. Specific Gravity of gold = I9'2. 

This, of course, supposes the weight of water to be called uni^. 

Now, Weight of X' on. ft. of water = OS'S lb. av. = 1000- oz. a». 

.-. Weight of !■ cu. ft. of gold = IDaoUO- oz. bv. 

Sp. gr. X 1000- gives Weight of V cu.ft. in oz. avoir. 

Heuce, we ma^ compute the weight of anj given mass of maltar 
wlien we know ila Sp. gr. 

TheSp.gr. of every kind of matter has been ascertained, 
and recorded in tables; wome of which, however, give 
the weight of a cubic foot, in oz. avoir., instead of the 
true Sp. gr. It ia easily discovered of which kind the 
table is, by referring to " water." In the True Specific 
Gravity tallies we find "Water I'," in the others, 
"Water 1000-" 

The methods of ascertaining the Speciflo Gravities of bodies are 
very clearly explained in Moselej'a "Meohauioa applied to tho 
Arts." From this work the aubjained are selected. 
Chalk S-ibi Ash ■8iB Portland stone 2-108 

Coal 1-3 Beech -85 Platinum 21-47" 

Sea Water 1-028 Osk-heart 
Granite 2 -856 Walnut 
Cork -24 Mahogany 



id Bj-drageo gaa iho llgbtesi ef 
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OF WEIGHT FKOM SPECIFIC ( 

FiB3T Example tvokked out. What is the weight i 
of a squnred block of granite, 8- ft. 3- in, long, 4- ft. 6' in, J 
broad, and 2- ft. 8' in. thick, Sp. gr. being 2956 ? 

Exsmpls complclsd. 
Solidity of block = (8^ X ii X ^s) oil. ft. = OD' ou. ft. 
Weigbt of H cubic foot = iilbe- oz. avoir. 
; Weight of block^WSS- oi. X 00- = & T. 3' eict. V qr. 0- lb. 4- 
kThe Sp. gr. of granite vanea trota 2'al3 to 2-9Se. Stonsmasons 
tuaJly compnts I' cu. ft. as 1^ cnt.,wbit:h is correct, toMng Sp. gr. 
" ; for Ij cut. = aflSB' oz. 
i Second Example worked out. What is the weight 
llf a gallon of vinegar, Sp, gr. 1'08? 

■.■ 1- eu. ft. contains 25- qts., and 1- gal, =t 4- qts,. 
.-. 1- gal. = -A or '16 of a cubic foot.* 
Now, Weight of 1- ou. ft. of vinegar ^ 1080- oz. avoir. 
^^ Weight of I- gal. of Pt"neffar = 10BO- os. X ■1B = 10- ». 13-8 

To reduce gallon» to cubic feet. 

Multiply by -16. 

To reduce cubic feet to gallons. 

Divide by -16. 

"Solidity Awn two DiMENSio>fs of a parallelopipedoit I 

GIVEN, TO FIND THE OTHER DIMENSION. 

Since in any parallelopipedon (page 288-), 
Solidity = L x B x T. .■. By Pbincipie s 
t Length = Solidity -^ (B x T) 

■ Breadth = Solidity H- (L X T) 

■ Thickneas = Solidity -^ (L X B) 
For hollow Teaaela of tbe above form we merely auhati- fl 

tute the word "Capacity" for "Solidity," and the rule,! 
applicable to both cases is, as shewn above. 
Either dimeniion = SoUdt- or Cap»- -^ Frod, of other two 
Similar changes of unit Bre implied in tliis fonnnla It 
enplaioed in the prneess for finding one dimenHion of a parallelo-fl 
gram from Area and the otber dimension given. For, just aa in 
that process, our real Divisor, to find Length, is tha Area of ■ 
ie strip (page aSS-), so here, whan we aaj 
Length = Solidity -j- (Breadth X Thickness), 
It real Biviaor ia the toUdityofa vtrtical iramveTie ilice,onefooi 
f (see page 9SS*). For, every time wb cut off such a slise, n 
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lb iliiiiiil n the so^ ■■ it is feet loaff. 

'Ho. 



Is elbo sDfda, Ka. <f feet in kngik i^ p 
" 1^ eacb !• fgol bn«. 
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Aad Sofifil; of ndi ■!&(• = &» of end <^B XT. (F^«aS>'} 
.-. I>nsih of Prism — So^E^ -^ {B X T.> 

To tat BtmIUi, omr (*«• drnMe- it tUUitf i>f a trrtieal btifi- 
MduwJ tliM. MW >ii«l wide, Iba safidi^ of vlneh slice ^^ Aiem oT 
■de — LXT. (Pegeas*-) 

To fad ThieltDess, our Due dnnor ii toKdily tff a horiionlMl 
•Uce.oiw/oDl tkifji^ Areaof topta-boOcen^LXB. (Page SStl-] 

Thtkd 'Eiaxfi.k ivobkkd OCT. What length of 
•qoared timber which is I- ft. 8' in. mde, b^ 10- in. tbi^ 
wiQ make 18* cutuc feel? 

XoBIite MeqOM^ 
Here, soliditj of pritm ^= 18} cninc feet. 
SoluUtfofTerL tr. sUce^Ar. otend — {BXT) = (liXi) ■ 
.-. I,«iv«Ao/iwraIfafopip«ioir={ISf-j-{l|Xi)}»i.JI' 
= CV X f X J) to*. A 
= IS/I. 6' 

OrtfaoB: 

Solidity of prism = 18' S-" = 2700' coble seconds. 1 
Solidilyofv.t. slice = (!■ eft. 8' x lO-") = 1- c. ft, 4-*f 

= 200' cubic sectmds. 
Letiffth of pritm = (2700- -j- 200) = 13} Iiit.J\ 

EXERCISE CSV. 

Find vieight of igaared block 
1- Of bsech, 17- ft. bj !f ft. 3- io. by IS- in. (See Uble p. S 
S' Of Qsk-beart, 3Q- ft. long, and 15' Id. square, 
a- or walnut, 15i ft. bj Sj ft. bj IJ ft. 
i- Of raghogaoY, II' ft 3- by 2- ft. B- by 3- ft. fi- 
B' Of Portland stone, 0- ft. 6" in. by 4- ft B' by 3' t 
Find weight 
6- Of sea-water, filling a cistern (whose siiles a 

14' ft. long, 7- ft. wide, and 3^ ft. deep. 
7' Of a mafi5 of chalk, mean l.-ngti W ft, mean breadth, 9l-|i 

mean thickness l(i* ft. a- in. 
8' Of a log of eork, 13- ft. by 3' ft by I- ft. 3' in. 
II' Of the cargo of coals contained by a barge wbose meftn ii 

dimensiona are 32' ft.. 9' ft., and 7- ft. 
10' Of a bar of platinum, (sqaared,) 3' ft. long, 4* in. wide, and 

Ii in. thict. 
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■i' Wliat length ot squared Umber, irhidi is 8- ft. II' in. wide, and 

5' ft. 7- in. thick, will coutain 879- en. ft. «-' 4-" i'"'? 
3' Hnir much in lengt;h thai is E'in. wide and IS' in. thick will be 

equal to a cubic foot? 
i- What itnglb of excavation can ha done for £t- 1 3 'a., the mean 

breadth iiniJ depth being 4' ft. 6- in. and 1 - ft. 0' in, respeo- 

liyely, and the labour worth 8-ii. per oobio yard ? 
5- The escavtttion of i. trench cost £i- 7-s, 0-d. at IBd. per cubio 

yard. It was SB' ft. Q- in. long, and (I- fL 9- in. wide. What 

viaBita depth? 
0' At what rate per hour mnat a stream of water flow, its breadth 

being 3-fl., and depth 20' in., to iill, in three quarters af an 

hour, a reaervoir of which the mean dimensions are lOlJ- ft., 

(10- ft., and 30' fl.? 
T- How high is a wall which, being iO- ft. long, and 2- ft. S- in. 

Ihieli, costs £ie- IS'fl. 7'd., at 7'a. lOid. per cubic yard? 
8' How thick is a patement which, at 6/tt per cubio foot, casta 

£'2(J0', its length being 40' yaids, and breadth 8- ft. T 
" ' cistern, whose sides are reetanglea, ia 11- ft, long, 6' ft. 

a- in. wide, and conlnins IQ' hhda. iil- gal. 3'qt. S' gi. How 

Computf 1' ca.fl. to contain 25' qti. 
Quantity eontaitud (in qtt.) ~ 25- = Capacity in eii.ft. 
Or, Content in gals. X -16 = Cap"- in cu./l. 

10- A ciatera B' ft. long, 8- ft. wide, and 3- ft, deep, being quite full, 

is discharged into a cuhioal tnnit, which, measures 6' ft. in 
the clear. How deep will the water stand in the tank? 

11- Out of a reaervoir, 0(1' ft. long, 3jf ft. wide, and IB' ft. deep, 

four ciatems are ttlled, each 14- ft. long, fi- ft. wide, and 

2- ft, 6- in. deep. How far will this depress the surface of 

the waler in the reservoir? 
13. 'WhFLt is the weight of a cistern, (whose sides are reetanglea 

B- ft. 3- in. long, 3- ft. wide, and 2' ft. deep, outside measun . 

the sides and ends being 3- in., and the boltara 6- in. thick ; 

the material being granite, Sp. gr. 2'8? 
IS' What weight of sea^water will it hold, Sp. gr. lOSB? 

A bodi/ Jloaling in a flmd displaces ils ouin weight of that 
Jiuid. 

Fourth Exampib tvokkbd out. To what depth 
will a squared log of beech sink in water, the thickness I 
of the log being 2' ft. 1' in., its density uniform, and the 
Specific Gravity of the wood '85? 

The density or closeness of grain of the wood is given uni/orm \ 
that we many understand it to float evenly, and thus to displae 
inaFis of water a psrallelopipedon in form. 

There are, then, two snch ligurcs in qnestion, 
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These two Bolids are of equal weight. They ure also trf ^ 
length and brunillh. Hence, length nnd breadth of the log 11 
Dol takeu into account. 

But, ihey are of unequal depths. For, beech (Sp. gr. -85'), bebl I 
lighter thao water (Sp. gr. 1-), will obtain sufBcieiit Hupporl, l!i« \ 
ii, will lloa!, b; displacing Icbk than its own bntk of natcr; Uid , 
Ipugth and breadth being the Hame in bath, the depth of the walet 
displaced will be less than the whole thiekiuii of the log of beech, 

The Sp> gr. of the wood being -SS, any bulk of it will weigh *63 
of the weight of the same bulk of WKler. 

Hence, ilia Ior in quastion must displace -Si of its own balk at 
water; and thix it will do b; Hinkiog -SS of its whole thicknesa. 
,-. D/pth lunk = -85 nt 3- ft. 1-in. 

= aa- in. X -AW = ¥ lio. in. 
= 1- ft. Bi in. 

FKOOF. 
Suppose any length nod breadth for the piece of timber, soj 
, 40- It liuiy, and 4' ft. wide. Then, 

■.■ Specific gravity of beech is "85, ^^M 

.: Weight of I' cu. ft. of beech ia 830* nz. avoir. ^H 

.-. Weight of log = SSO" oz X 30' X 4' X 2A- ^H 

= S135(K)- oz. ftToir. ^M 

And, Weight of watir disp. = 1000- oz. X 30' X 4' X ^ 

= aia5no-oz. BToir. 



Fifth Example wokkbd out. How far would ihe 
said log sink in Vinegar, Sp. gr. 1-02? 
Weight of 1- en. ft. of tinegar — 1030- oz, avoir. 
Weight of 1' eu, ft. of beech = 850- oz. avoir. 
Weight of 1- CO. ft. of beech =A% or i wU of en. ft. of vinegar. 

-■. A CO. ft or any mass of beech (Sp. gr. ■89) will float by dia- 
placing i of its own balk of vinegar (Sp. gr. 1-OU]. 

.-. Parallelopipedoii of such timber, floating evenly, displaces J of 
its own depth of vinegar; or, iu present enampte, 
S of 2- fL 1- in. = Ifjft. 

= i-ft.e*iu. 

.-. Depth log will sink ^ 1 ■ ft. 8- in. 10- li. ^^M 

Suppose the limber to be 1' fL loog and 1- ft. wide. ^^^H 

T\im, Wl. of block = 850' oz. X 2-,V = 17701 OB. 
And, Wt. of vinegar = 1020- oz. X If! = 1770*08. 
.-. Block, bj sinking in Vinegar to a depth of 1- ft. 8J in. displaces 
its own weight of the liquid, and is consequently supported by, B» 
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Sixth Exa,mplb wohked out. What additional 
weight, placed on tlie top of a squared log of beech, IQ' ft. 
by 3' ft. by 15' in., will just sink it to the water's edge; 
Specific Gravity of the wood being '85? 

Eimnple OQmpletBd. 
Tbe log, ffh^D immeraed to the water's edge, displaces its own 
bulk or I IB' X 3- X ii) cubic feet = 71i ou. ft. 

But its own weight is supiiortail bj displacing only -83 uf its bulk. 

"t's ';;5g°hi""" ■™°"'°' j - •» of bii. o( i„B. 

= -IS of tl-ia cubic feaL 
= 10'eS75 cubic feet. 

And, Bilded weight ^ neight of wuter displaced to support it. 

= lOUO- on. X lO'CeTD = 10(187-6 oz. Pmn. TOI. 

.-. Added weight = 5- ewt. 3' gr. 23* i6. 10' 03. 8' dr. 



Weight of beech = 850- X 7U = 60562-5 

Added weight = 10687-5 

W^hl of water diap. = 1000- X 7H = 71250- 

The combined bodies are, together, of the same weight as ( 
water displaced, which therefore supports them. 

From this Example v?e derive a simple rule. i 

To find witat weight, not imtaereed, a body lighter than a 
liquid will suppo/i vihenfidly imJner$eU in tlurt liquid. 

Subtract weight of the supporting body from 'weight of 
its own bulk of the liquid. 

The difference is the weight which may ^e added ( 
jed. 



Seventh ExiMPLE wohked odt. What weight of I 
iroo, Sp.gr. 7'25, allached to the bottom ot above-mentioned | 
log, will just sink it to tbe water's edge ? 

EjLompla coDipletfid. 
Here, the iron, being aiso immersed, is portljr suppurtsd h; 1 

I^placiug its own built of water. ' 

I A cubic foot of iron weighs 7350- ox, 

I But displaces only lUOd- oz. of wslar. 

F Hence, of each cubic foot of iron, e^OO- ok. denve sopport &oal 1 
Sib log of wood. ^^ I 

Now, Ihe lottded log displttcea 10687-3 oz. of water hejond what | 
is requisite for its own support, (See last Exuaple.) 
.-. No. of ou. ft. of iron = 10«t!7S —■ U2S0- = 1-71 cu. I 
Weight of iron = 72()0- oz. x 1*71 = fl- cwt. H-qr. IB- lb. 13- oz 



rtXUTISG BODIES. 




WlwIefcJtrf Titer dk|hMd = United 

= Tl-SS c ft.-t- I-TI & ft. 
.-. Weight of wmttT Mifbrti = lOOO- 
Kttw, tUs duMld he «^Bal to joint vtight 
And it a to,tiw 

W«^l of ami = 6M- oz- X ~ 
Weight of iioB = T«W cue. X 
.'. VmiUd KXiyhto tmfpmcd = ( ITt. o/ 

From the nuninatioa of this eianple we nta; also deduce t 
Dsefol nJe. For, stq>peae the qncsdoii to be cnnflsed la a sin^ 
catiii toot of heech, Sp. gr- ~SS ; then : 

Weght of 1- rahie ft. of valer = lOOn- 02. 

And, Weight of 1- tnbic ft. of beedl ^ B50- oe. 

.-. 1' «u.yi. 0/ betrA will support 15P - oz. addl. 

Agun: 
-.- Weight of 1- cubie ft. of iran =. 7250- 01. 
And, Wdghlof l'CDbu< fL of waters lOOO- o£. 
.■. Out tu./l. of iran rtquiret 0250- ot..additionaI support- 

Hence : 
One cu. ft, of beech I ,.„ , . e^ e - 

«iU .uppDB I f-^f" « rfr of . ~. rt. of iro.. 

And this fraction is brought out thus : 

moo-— 850- , . WMer — Beeeh Wr. — Liahter B- 

72Sl>— lOWU- Iron — Water Haivier B. — Wr, 

Any bulk of beech, Sp, gr. -ah, will, then, support rJi of that 
hoik of iron, Sp. gr. 7-25. 

In other words 

I35- cu. ft. of beeeh will support 3' eu. ft, of iron, both beine 
\rhol1f immersed. 

.-. 1- on. ft. of iron requires the support of H* en- ft', or llj eu. 
fL of beech. 

And this latter fraction is the reciprocal of the fonner. 

To find what hulkt of any two nmtei-iale, one speel/icallj/ 
heavitir, and the other Bpecijically lighter than a given liquid, 
rnust be combined, so thai the united bodies may jiLst »ink to 
the turface of that liquid. 

First. Find the difference of weight of a cubic foot of 
the liquid aod of the same bulk of the lighter body. 

Second. Find the difference of weight of a cubic foot 
of the heavier body and of a cubic foot of the liquid. 

Third. Divide the first of those differences by the 
second. The result will express the fraction or multiple 
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of its own bulk which the lighter body can support of 
the heavier. 

Fourth. Divide the second of the differences by the 
first, and the result wiil expreea the multiple or fraction 
of its own bulk which the heavier body will require of 
the lighter to support it. 

FBOO? OP LAST EXAUPLE. 

125- cu. ft. of beech weigh, SSO- X 125- = 106250- 

3' cu. ft. of iron weigh, 7250' x 3- = 21750- 

128- cu. ft. of water weigh, 1000- X 128- = 128000 - 

Aritlmietioal Symbol. The sign rv placed between 
two quantities, fiheWB that their difference is to be taken. 

Hence, if F represent one qiiantity, aod B represent another, 
F ru B meuia thst Iho less of the two, whether )ilacad first or 
aeoond, is to be token from the other. 

■ •■. If F be the greater, F r«^ B = F - B ; 

If B be the greater, F oj B = B - F. 
* Let F be weight of a certain bulk of any fluid, and B 
be weight of Iho same bulk of any solid, whether speci- 
fically heavier or lighter than the fluid. 

Suppose the solid to be put into a vessel containing a 
I safficient quantity of the said fluid; 

H Then the fraction ~ — ^ — will coincide with 

I. Ratio of onimmersed bulk to immersed. 

If the solid ba specificBlly lighter than the fluid. 

II, Ratio to lighter body of additional unimmeraed 
neight which it will sustain. 

III. Ratio of unsupported weight to that supported by 
fluid. 

If the solid ba BpeciiicaU; heavier thsn the Suid. 

rV. Ratio to heavier body of additional support requi- 
site to sustain it. 

V. Fraction of heavier body which must be excavated 
to make it float in the fluid. (See Exebcibe oxti., 
Ek ample 7-) 

Let the fluid he distilled water, Sp. gr. 1-; the heavier 

solid, iron, Sp. gr. 7-25 ; and the lighter solid, cork, 

Sp. gr. '24. Then the following instances will illustrate 

and prove the foregoing statementa. 

2 G 



802 EXAUPLKB woKKXS oni. 

I. 

Since s en. ft. of corli weighs 240" oz., ana b on. ft. of utat 
weighs lOOQ' oz.; and tbs cork will float wbeu it displaces ita om 
vdgfat of water, 

.■. Any mass of cork will float bj displacing ^^-^ ot its balk of 

Water, leaving nnimmersed — --^j of ita whole bulk. 



It --i--- of (he whole bnlk =^ -i- of immeraeil bulk. 



10 00- -ao „, 



. Untvmentd bulk = - ' l ^"*r^ - of imm* 6*. = £^ (t) 



The cork is sopported by displacing ^^gr^ of it* oim bk, of W» 

.■, DiBplacing — -rs of bulk supports — ^ of neigtiL 

13ut there are j~— of bulkof ooik not immersed b; ita own va|^ 

,', To immerBe these ^'"\^2^'>' itsowitwt.inastbesnpeiimpoaed. 

.■. AM' unimmeried weight which cork,fti,Uy immeried, 

■II . 1000'-240- , ., , F-B , , 

will support, = - — — of tls ovin wt. ^ ___ (u.) 



A cu. ft. ol iron weighs 7250- oz., bat dieplaces oalj 1000- c 

, '. , . 7250--1000- e; t • B-F , 
Leaving untupporled ■■ of %ts to'' ^= - • 



Fraction of weight of iron requiring extra tupport u 

7250--1000- , ., . . B-F , . 

= 7250^ °-^ ■" '^= -R- ^"-^ 
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Hence, evidently, the fraction of the weight of « 

which must be excaeated that the hollow veBeel may Bwim 
in w&ter, also 

^ 7250- -1000- . B-F , , 
7260- ^ B ^ ' 
Eighth Example wobked ottt. i. What weight ot 
flint-glasB, Sp. gr. 3-, would 1' cwt, of alder-wood, Sp. 
gr. '8, support in distilled water? 

II. What weight of alder will support !■ cwt. of glats? 



TLOATINO BODIBB. EXAMFLEB. 



lor ofTera sapport fc 
IS rei^mrea Buppoit 1 



j.cvit. gUuin^poTted by 1-ewt. alder = {— — -') or— ewt. 



. Xo.evit. alder to lapportl-evt. glass =(-^-;-i\ or a' cM 
PROOF 07 7ISST BEStTLT. 

Weight of united bodies = Ij- cwf. 
! Now, !■ owt = 170a- oz. i and 1- cu. ft. aidei weighB 8D0- c 



I 

1^ ,■, 1- awt. alder lonlainB ^^ or a^ on. ft. 

Similarly, ^ owt. glias oontaia (-^ of ^) or ^ ca. ft. 

.-. Bulk of water displaced -^(lA + ^) or 9^^ on. ft. 
Weight of water displaead = 1000- oi. X SiVj = If euit. ' 



PBOOF OF BEOONS BEGULT. 

aj owt alder eontain (^ X a|) or BfJ cnbio feet, 
cwt. glnsa oontains jjgg or JJ4 oubio feet. 

I owt water conUun {^^ X 3|) or BHt oubio feet. 



Since, then, Bn!k of Water = Bnik of oniled bodies. 

And, also, Weight of Water ^ Weight of united bodies, 

.'. Tbey joat swim in it. 



* Prove every example. 

1' How deep wuuld a squared log ai Sr, 2- ft. tbicli, Sp. gr. '&C, 

gink in water of the Dead Sea, Sp. gr. 1'21 ? 
3- Theonter leogth and breadth of areutangiilar barge being 40- ft. 
and 10' ft. O-in., its inner depth, S' ft., its sides and ends 
£)■ in., and its bottom 13- id. thick, and Sp. gr. of material 
1*5; what weight of oargo will sink it to withm three inches 
' 'ts gunvnle in riter water, Sp. gr. rooi? 
ame largo, how mach higher will th" 
,er, Sp. gr. 1-0287 



3- With the » 
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4- Qo* nui; ratuo feet of cod, Sp. gc. 1-3, nould jn 
bug* lo Intel's edge, 

I. In Ihe river? 
IL Id the sea? 



0' A burg* bein^ loaded to the utmost safe point id sfctwatai, 
nbal tVMiUoD of tbe gross weight of Teasel and cargo must 
b« diidiarged so ibat it may sink no deeper in riser watM, 
Sp. gn. %a sboie? 

7' A »qu«reii bliMk of gnmile, 8- (L long, 7- ft. wide, and 5- fL deep, 

8p, gr. a-0S8, a to be hollowed into a cialera which Bball 

■wim 0' inches clear in water, Sp. gr. !■. Haw man; cabin 

tuA of Ihe stone must be removed? 

From Kiample T' it beoomes evident how a body, spaeifieallj' 

heavier thui a tiijuid. may still be made to swim in Ihnt liquid. 

Thia, M wu soo, h done by fonning the henry body into a hollow 

v«mbI of >uoh eapaeitf and Ihinneii thet it may diBplaee its own 

weight of tbs liquid wilhaut being fully imwereed. 

It la by this means that ships can be made of iron to swim in 

6* Sapposing llie aide and end walls of the cistern to be left 6- in. 

tiiloV, how (Imp must the eicsTation be, if made 
L In the top of the block ? 
II. In the sidef 
III. In (he end? 
0' How many cubic feel of cork, Sp. gr. -34, must ho attached to a 

■quar«d log of mahogany, 7' t\. long, !■ fL wide, and 'i- fL 

Uiirk, Sp. gr. 1-CK13, to sttpport it in water, Sp. gr. 1-? 
10- It a cubic foot of tin, Sp. gr. 7-3, be supported in distilled 

waliir by 18- on, ft. of flr, what is Iha Sp. gr. of the wood? 
1 1* What fl^cdon of its own weight, not immersed, will any mass 

of deal. Sp. gr. -&3, support, being itself fully immersed in 

water, Sp. gr. 1 ■ ? 
19- What additional weight, nnimmersad, will !■ ewt. of cork 

Sp. gr, -24, support when sunk to its own edge, 

I. In distilled water? 

II. In linseed oil, Sp, gr. -01? 

IS' What weight of iron, Sp. gr. ;'26 may be affiled to 1- owL of 
cork, Sp. gr. -24, so that the united bodies may be fully 
immersed by their joint weight, 

I. In distilled water? 
IT. In sea-water, Sp. gr. 1-038? 
HI. In linseed oil. Sp. gr. -Si t 
14- A prism of willow-wood, 18- in. square, Sp. gr. -0, is to be eTenly 
coaled, on one side, with as much lead as it will just ar ■ ' 
in water, Sp. gr. 1'; bow thick will the lead ho? 
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The length of ttie prism tl not given, at it will not /iffeet tht 

Ifi' A Bijaored log of Spuiiah cypress, S' ft- long, 3' ft. wide, and 
S' ft tbick, Sp. gt. -05, is to be Qaiformlj coated with bs 
muoh copper UH it will support in water, Sp.gr. !■; wliat mny 
ba the thiclmess of the contmg it applied, 
I, On the Bide of the priara 7 
IL On its end f 
III. On the bottom of itf 
IS" A body of irregiilnr form, when entirely immersed in a Teasel 
quite SUed with liquid, causes S- cubic feet of it to orcrliaw. 
The body weighs 81' lb. Wliat is its SpeoiUa Gravity ? 
]7- What is the Sp. gt. of a body which weighs 3- awL 1- qr. 13- lb.. 
And, being wholly immersed, displaceB if)' lb. of distilled 

IS- A Cuba of wood, Tinifamjly deaee, measuring 19' inokes in the 
edge, aod floating evenly in a, rectangular vessel of di^mied 
water, 3' feet long, by 2' feet wide, and of suSoient deptli, 
caases the water to rise 3f inches in the velael. What i^ 
the Specific Qravit; of the vood? 
To ascertain this, find: 

!■ Area of whoU na-facc of water if, 

»2- Area of niirfwce eUvated. (Exeroisb cm. i. Ex. 13) 
3- Buik of icaler dieplaced, or eUvaled. 
i- Weight of ditto, which = tutight of the wood. ' 

&■ Balk of the wood. 
6' Weight of 1- eu.fl. of wood. 
7- Speeifie Gravity of the wood, (Pajie 394) 
10- What is the Sp. gr. of eider, of which a gallon wetgba 10' lb. 

2' DZ. 14Adrs.? 
an- What is the weight of a tim of wine, Sp. gr. '01)1? 



The Hydrometer is an inafrument fot aacerfaining the 
Sp. gr. of fluids. These instrumeats are constructed od 
two different principles. 

I. Sikes's Hydrometer h of invariublc weight, and, 
therefore, shews the Sp. gr. of different fluids by the 
different depths to which it sinks in them, 

II. Fahrenheit's Hydrometer, or the Oravimeter, by 
varying its weight, t^ made lo sink to the same depth in 
any fiuid, the differences of weight necGssary so to sink 
shewing the Sp. gr. of the tiuida. 

III. Nioholaon's Hydrometer is on the same principle 
aa Fahrenheit's, but can be employed to diacover the 
.gr. of solid! 
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Ninth Esample wokkbd oot, illustkatins I 
PBiNciPLE OF SiEEs's HYDKOMETEB. A rectangi 
prism of unifoFm denait; sinks for support only 5- inches 
in distilled water, but sinks ^ of an inch deeper ia a 
certain oil. What ia the Sp. gr. of the oil ? 

Enamplfl oomplElBd. 
In each of the two flaids tbe prism dispIioBS its own weight of 
th»t fluid. (Pageain-) 

The lengiJi aiiiI hreadtb of tbo prism, being tbe same in both 

oasea, do not atteel the question. We maj, therefore, 

oonveoient lengih and bi^adth, s>; 1' inch each. 

.■. Bulk of water displaced = S- ou. inches. 

And, Bulk of oil displaced = 6J| eu. inohes. 

.-, 6i) cu. Eu of oil weigh = 5- ou. ft. of 

Multiply both sides bj 47- (Pkinc'ple 
.■. SBO- ou, ft, of oil weigh = a35' ca. ft. of 
Diiide both sides by 200- {Piiisi^le 
.-. !■ ou fl. of oil weighs = Ji of 1- ou. ft 
.*. Weight of !■ cu. fl. of oil = JJof IIWO' oz, = 940- 
.-. Specijic Gravity of oil = ■94. (Page 294-) 
To obviate the necessilj of performing, in every instance, i 
oalonlatioD like the foregoing, the Sp, grs., corresponding to the 
diSerent depths to which Sikes's hydrometer will sink ia different 
fluids, are recorded in tables. These tables, bowever, are, of 
course, only true for hydromelers exacily timilar in form and 
Ktight, and tbe difficulty of ensuring exact limUarity in tbe in- 
struments forms a serious olyeetion to their use. This difficulty, 
in fact, Htimulated tbe invention of the much more simple ami 
manageable hydrometer of Fahrenheit. 

Tenth Example wqr 
pbinciple op fanbenhj 
weighing 640' grs. sinks in distilled water to a certain 
depth, when loaded with 360' grs. unimmersed ; but, ia 
highly rectified alcohol, it sinks to the same point when 
sustaining only 169* grs. Required the Sp. gr. of the 

Eiample oompleled. 

Tbe prism displaces same bulk in both liquids. 

■. Weight of water displaced = (fliO, + SOt)-) * = 1000' grs. 

And Weight of same bulk of spirit = (640' + 109') = S09- grs. 

.-. Specijia Gravity of Alcohol — -809. 




8IUPLK FBOrOBTlOK, OB JLTJLK I 

Eleventh Example wobked out, illostbatino 
THE ACTION OF Nicholson's htdeometer in pini 
Specific Gkatitt of a soi,in, A priam which reqi 
1000- gra. unimmersed, to sink it to a. certain depth in 
distilled water, will sink to same point if loaJed " ' 
piece of metal and 460- gr. 

Now, if the same piece of melal be transferred and 
attached to the bottom of the prism, so as to he complelelj 
immersed, the priam will then require 560* grs. unim- 
mersed to aink it to same depth aa at first. Required 
8p, gr. of the metal. 

Eiamplr) campleted. 

Weiffht of metal = (1000- -460") gr». = 540- gri. 

Bnt, it loses in vater (S6U' — 100') grs. = 100- grs. 

That is to my, ibe water auppartii inO' grs. of the metal. 

.-. Weight of game hulk of water = 100- gr. 

.'. Specific Qravity of the me(fli= (540-;- 100) = 5-4. 

Tlie Sp. gr. of any body is fmmd by dividing iti vjeiff/U 

iy weigkt of same bulk of distilled water. 

For, Sp, gr. of an; body ja the multiple nr part which its weight 
is of the weight of distillsd water, equal boiks of each heing 
compared. (PageaB-l') 

SIMPLE PROPOBTION. OB BULS OF THBBB. 

Under this rule are usually placed all questions in which, 
from three given Concrete Qiianlitiea, a fourth proportional 
ia to be found.* So that "The Rule of Three"! '^ the 
application to Concrete Quantities of the principle of 
Ratio, explained on pages 145' to 150% which pages 
should now be carefully re-studied. 

DIBECT AND INVERBB PBOPOETION. 

Any two Concrete Quantities which are so related that 
they increase and deciease together, and in the same ratio, 
are in Sireot Proportion. 

""TbB old ArllbmeaclBin ware ttmd of ealUng Ula " TAe Goldrn Bulrr "H 

ifiSo o( Threo" li, Uke 'oglil, bj tery idodIi more oniiiiDsuuil tbsn taetai in 
the ordinary affiin ot lito. Thow who have not nide a nolul o( engnlring 
TtonMlieMrpriaed to learn bow Tory mrnly "The RnlaotThrBO" Is employed 
by man ot bosioees. tl li aerTiceable fn inibUng lu to enanciate the 
ra adTanoed rales In brief (oim ; and In bighet malhemallsa it beooni«* 



I 
I 






SIBECT AND UrTBKBB TSOPOBTION. 



Ttciet thi 



quuilitj 
qaantily 



will cost Ii 



:e tht a, 



Half the quaatity will cost half the sum. 
And BD on. A.ay moltiple oc ftiiDCifiQ of Ibe said qiuuid^ ot | 
goods will cost the same multiple or IracCiaD of ttie value of that 
quuilit; ; bo long at the rate remunB QDchaiiged, or " coDataot." 

u. If uif Domber of workers complete a certain omoanl of 
work, then, iu the saitic timi?. 

Thrice at many Buoli workers will do thriee at much work. 
One-Ji/th ai many „ „ one-Ji/lh at much woii. 

Tn>m tliese and similar eiomples, we see Ibat 
L Quantity <if goods and Onu Value are in direct Proportion; 

When rale is oonrtmit. 
11. Jfv. of viorhert and Work done, are in Dired J'tvportiMJ 

Whea time, oiid quality of workers, are cocstant. 
m. Time of working and Work done, are in Direct Proportion; 

When □□Dibar and quality of workers are constant. 

IV. No. of eaten and Food comnmed are in Direct Proportion; 

Time, and daily allowance for eanh, being oonstaot. 

But, when two Concrete Quantities are in such relation 

that as one increase* the other decreases in an exactlj 

opposite (or reciprocal) ratio, so that, for example, doubling 

either of them compels ua to halve the other, and so on, 

those two quantities are in Inrerse Froportlon. 

The following oases will illustrate this. 

I. If, at a given rate each, a certain Ko. of artisles cost "so 
much," it ia evident that, if the price of each be davhled, otAj huff 
ai tnany can be bought for the aame amount of money. 

n. Supposing a cask of wine to supply a certain number of men 
with one pint each, only ont-eighth of that numher oonld receire 
eight pinli each from the Bame quantity of wine. 

m. The Bame ^aantlty of food which would fumisb a oertun 
number of men wttli a certun daily allowance for SO' days, would 
give to each of them /our timet a> large a daily ration, if Lbey were 
onlj tn he fed for one/ourth of the time. 

TV. If a sack of com last any number of horses one week, il 
would suffice for ifcen timet at many for one levenlh of the time, 
each receiving the same Aahj allowaoce as before. 

V. If a oerlain weight can bo carried "so far" for "so much," 
only half the laeisht could he oarriod Iwioe the dittatice, for the 

VI. But, tmiee the weight could be carried the same distanoe fcs 
the same sum, at half (^ rate. 

vn. Also, the whole original weight oonld ba conveyed tviiot (fef 
diitance for the same sum, at half the rate, ^^^h 
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vm, It 60' workers complete a task in an; giTen time, t^OO' (lii 
titnfi 50) siidiliu- workers should do il in onf-iixth of the time, 

n. The Principal requiaite to guu a certain sum or Interest in 
ten monihi is anly one-leittk of ths Fnucipal necessary to gain the 
same iDterest in one month, at the same rate. 

I. If two recUngles be of equal Area, but tlie second twice at 
long as the first, it cun onlj be ha^ ai tcide. 

XL If two rectangular prisms be of equal aalidit}' end tbicknesa, 
but tbe Ilrst^e limst ai long as the qecoud, It cun onl; be <mt-Jiflh 

xn. If a certain rectangular prism hftve to sink tii>iee ai deep for 
support in one fluid an it does in another, the SpeciHa Gravity of 
the first Quid is only kalf that of the other. 



tc. 






re see that, 

ire in Invene Fraporlk 

I oonetanL 



From the foregoing examples < 

. iVb. of artidei and Price of each 

When Gross value i 



V. WeigfU conveyed and Dielance are in Inueree Proporiic 

Gross oost mid rate of ciuTiage being eonstaiit. 

VL Weight convei/ed and Bate are in Inverse Proportio 

Gross cost and distance being constant. 

VII. Bittanee and Bate are in laveree Proportion; 

Weight and gross coal of carriage being oonnMnt. 

viii. J/o. of icorters and time occupied are in Inverse Proportn.; 
Amount of work remaining cnnstant. 

IX. Principal and JVme are in Invent Proportion ; 

When Interest and Hate are constant. 

X. Length (of Rectangles) anrf Breadthe are in Inv. Proportion; 

Areas being constant, but dimensions unlike, 

XL Lengths and Breadths (of sq^. prisms) are in Inv. Proportio; 

Only Solidities and Thicknesses being ci — * — ' 



Bireot Froportlos. Quanlitiea are in Direct Propor- 
tion tvhen multiplying one of them hy any number or 
fraction causes the other of them to be multiplied by the 
le number or fraction. 




I 
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Inverse Proportioa. Quantitie» are in Innerse Ptopor- I 

lion, when muitiplying either of them by any number er I 

fraelioH cautei the other of them Co he multiplied by Ih ' 
reciprocal of that number or fraction. Pages 99- and H5' 

Tbi« latter defimlion is flreqnentlj, bnl with leas precision, givft | 

Two qaantitieB are ia Inverse Proportion vben ■mulliplying eithet 
of them by aaj naniber or fraotion oauaes tha other of Uiem to be 
divided by tbe ttsme oumber or froclion. 

In every Simple Proportion (or Rule of Three) ques- 
tion, three Concrete terms are given. Two of these axe 
of the xame kind, so that there exists a ratio betwees 
them. Pbinciple v. 

The odd term is of the same kind as the answer sought: 
80 that there exiats a ratio between them. Pbincipi.e T. 

And these two ratios heing equal, the four terms an 
Proportionals. Page 146' 

GENEBAI. KDLE fOB SIMPLE FBOPOBTJON, SISECT OB 



First. Write the queelion 



n abbreviated Jbrm. 



and the signs of Propoi' 
tion, leaving spaces for the three given terms, and 
putting the letter x in tbe fourth place, to repre- 
sent the required terra (or fourth proportional) 
until found, thus : 

As : : ; : x. 

h. Put in the third place the term which ia of the 
same kind as the answer sotight. 

This, as said above, is the odd term, and, in the 
abbreviated qneation, has a note of interrogation 
under it. 

c. Consider whether, from the nature of the qoea- 
tion, the answer will be greater or less than the 
third term. 

If the answer will be greater than the third 
term, put the greater of the other two in the 
second place. 

But, if the answer will be less than the third 
term, put the less of the other two terms m the 
second place. 

d. Put remaining term in the first place. 
And now, if the Proportion be correctly stated : 
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TJhefirU and eecond terms vill be of the same kind. 
The third term wiU be of the lame kiitd ae the ansmer. 
nit teeoKd tei-m vnli be greater or lest than the first, 
aeeordhig m the antwer is to be greater or less than 
t!ie third. Note, also, that 

In Direct Proportion, the tenn whose value is 
sought stands second. 

I In Inverse Proportian, the term whose value is 

given stands second. 
Third. Work for the Fourth Proportional, thus : 
a. If either of the first two terms be a Compound 
Quantity, or if they be of unlike denominBtions, 
reduce both to the same name. 
b. If the third term he a Compound Quantity, re- 
duce it to its lowest denomination, or leave it in 
the Compound form, as may be most convenient.* 
0. Cancel Cominon Factors in first and second, and 
in first and third terms. Page 149' 
d. Multiply second and third terras together, and 
Divide by first. 
The result is the fourth proprniional, or <mstffer 
souglil, in the same name m- names as tluU or those 
in mhieh the third term was left. 

FiBST ExAMPtE ■WOBKED QTJT. A DIBECT pHOPOK- 

TioN. REDucTroN TruNEOBssAKT. No Casoellibo-. 
nti 21- cwt. cost £SS' 3-b. lid.,wbat will 11- cwt. cost.? 

^^H Exaoiplo ooQipletBd. 



AlAreviated Question. 



If 21- 



■ H 



StaMnent and Work. 



63- 3- li (c. of 21-) : as. 



|'7- )584- 14- 4i c. of 231- 

I 3- )8S- 10- 7i c. of 33- 

27- 16- 10^ e. of 11- 



■1 put at the proiwis. 
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II. 

The flame Example worked ont wilhoat reference to ratiot 
£. B. d. 
f7- )53- 3- U = Coat of ai- cwt. 

2- 10- 7i = Co»( 0/ one cot. 

11- 

27- 16- lOj ^ eo6t of U- cwt. 

This simpla anil nataml methnd is muoh more frequeotlj em- 
plojed tban " Tbe Kule of Three,' in aclual bnamess. 

aBMEBA.L KOLE FOE WORKINS WITHODT RBFBEEMCB 

First. Find the value of one. 

Second. Find, from that, the value of the nnmber 
required. 

When the value of one is either given or demsntled, onl; Mnlti- 
plicfttioQ or DiriHion will be requisite, according as the quantities 
move in Direct or Inverse Froportian. Hence, 

When eiiher of the three given termt u UnUi/, reference 
to Ratio, or Statement of Proportion, u of no utilitv 
whateve): 

III. 

The Example may also be neatly solved as aa Equation. 

Thus: 

£. e. a. 

;• Ans. sought = cost of 11-; and 63- 3-s. Ij-^ coat of 21' 

.'. iV of Answer sought ^= cost of 1' ^^^ 

AIho, a- of £53' 3's. Hd. ^ cost of 1- ^H 

And, things ^= same thing ^^ one another. ^^^H 

•■. iV of Amwer sought = ^ of £53- 3-*. liJL^^I 

Then, multipljing both sidea bj 11' (Phinoiple xxiv.), we have, 

Amver souffhl = H of £5Z- 3-s. 1H = £27- 16-j(. \Oid. 

In this hook, a large nnmber of questions which would ordinarily 
be placed under "Tbe Eule of Three," have been already given 
under Compound Multiplication and DivisioD. For instanw, in 

LKXxix. B. Examples T to ID' I xcvn. Examples 31' to 03' 

Lien. „ 17- to 61- xon. „ 13- to Ofr 

xoni. „ 21' to Hi- c. „ ai- to OS- I 

xovi. „ 8- to 19- I CL „ 6- to eS- 

In addition to these two hundred and sixty- eight, there an I 
several Examples in Eierciee oiv., and elaewhere, whioh wool^^J 
generally be Included under " Tbe Rule of Three." fl^l 
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time will 2 



a do as much work a 



I. BT PSoroKTION. 
Ahbrevinled Question. 



f 13- men 11- days. 

24- men ? 

Sialimenl and Work. 

[ere era two tenm inorkera (13' men and 21- men) 

The add term ia time. 

The answer will he time. 

Put time (11' days) in tfie third term. 



iesa tlian tbe tbird lermf Ad ia- 
mpiete the taak iu a shoriCT time. 
K are in Inierse Proportion. Sea 



■Will the answer be more 
creased No. of workers will 
For Time and No. of worl 
page 300' vm. 

ITiBrefore, 34- men will do the work it 



The ansfpfT will be less than the third term. 

The second term muit be leas than the first. 

Put 13' (men) in aeermd place, and 24- {men) in first. 



As 24' 

AnR. 5'd 
The a 



: : 11- (lime for 13-) ; x. 

13- 

( 8")H3- = time for 1- man. 
I 3- ) 17| = time for 9- men. 

1 = 5f J = time for 24- men. 

And. 5'd. llj ho., taking a working day as = 12" hours. 



Eiample worked without raference to rutio, 
If we proceed in obedience to the general mie given on page 
ai2-, the resulting work will be precisely similar to tlje foregoing. 
Fur, in every Invarae Proportion Eianipie, tha valae of one is 
brought ont by multiplying aecond and third terms together, which 
thus oompletes the first step of the general rule for working with- 
out reference to rado. 

Without recourse, then, to Proportion, the question woald be 
reasoned out thus: 
I Time fa- 13- mm = 11 ■ daj/s. 



1 



EXAX FLBt WOKXXD OVT. 

Dut, (InM Muh of the !$■ men works It- dare ^m b^ 

' ' ' (l work 18- tiin*a 1 1' deja. 

.". Timt fff \- man=\\- dm/»x\'i'=\4A- dmgt. 
Now, ai- ni«n, working together, will do m vmA m «■■ i 

"" n ili)e» in a*' dajg, 

.e for 24- men =. jV*/ ''"*< /»* *^ "<«■ 
= j^ of 143- days. 



Or, raTftnliiK the order of the MDltipIicBtion and IlRHkn. 

( PniKuifi,!! ivui.) (lie questioD aay be iolied sod eifJiBsd (ks: 

■.■ rime for 13- meM= 11- rfaj& 

And 'Jl' tjnieii an muiy men wou]iI do the work in ^ of the time. 

,-. Timtfar {24- 'iwit 13' or) 312- men =^ o^ 13-d. = 5j|;iL 

But, -J*' men, being A of 312- rann. will require 18- ij 
long. 

.-. Timr fw 24' Tnen ^ 5\ ho. ^ 13- = Sd. llj- 1 



I 



Tlia lunn Gisrnpla ao\ie>\ u id EqnatiOD. 

■.■ U- dftys^time for 13' meo. 

And, answer sought - time for 34- men ; 

,'. 11- days X 13- = time for one man, 

Alao, answer x 24' = time for one man. 

And thinga = same tiling ■= one another. 

.', Answer x 24-= 11- days n 13- 

.'. Dividing both sidea b; 21- we bave (Pbihcipis sxn.) 

r, or time for 24- men, = (ll'd, x 13-)-^ 24 

= 5d. 11^ ho. 

Tbiki) Examplb tvoekkd out. Redcotion iwb 
Canobllino is first two tbhus. What will 12- cwt. 
155 lb. cost, at the rate of £5- 4-b, 0|d. for 13" cwt. 3- or. 
14'lb.? 



iiDFlatFd bf Proportioi 

Abbi-eviaied Question. 



If IS- . 

12- 0- 151 ■ 



J 
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Statement awl Worh 

cwl.ur. ]b. «wl.qr. lb, £. «. d. owtqr.lh. 

13- 3- U- : 12- ()■ 15} ;; 5' i- Of (cot 13' 3' 11-) : ^ 



28' 



38- 



i- are. 



8-)3f 



B. of OT' 0- 14- 

l,-ll- Ot jcof 12- 0' I5i 



Or, As 6310' qr. lb, : 
Orlis 8- i 



Cancelling. 



is: reducing also third term, and abiitaining from 













-t, ,. d. c«,qr, Ih. 


As 13- 3' li- 


: la- 0' 


lej 


:: a- i- Of {e, of 13' 8' 11-) 


4- 






w- 


06- qr. 


^■qr 




104' B. 


as- 


as- 




la- 




3oa- 




ISiB- d. 


111(1- 


90fJ- 




4- qr-lb. 


isaj- lb. 


1350- 




4996- for. = coal of UaiO. 



4^ t 6439. qr.4b. 

0216- qr,.Ib. S43H- qr.-lb. «B&6' o, of H limes 0210' 
= == 1488SQ- 0. ot 3(l' times ti-ilO- 

lOUSnOO- 0. of 40II' timPB 6318- I 

,„ ajHTStlOO- 0, of 5W>0' timee 0218- 
aaid- )27H}7Hil5 - o. of IU39' tiroes OBlfl- 

4 -)437i:^ a- of 5439' qr-lb. {PaiN, XS.) 
la- jlUflajd. iq. = da. 

ai. b)IH-a. 0^ . i q. = do. j^t ^r. lb. 
£ 4- ll's.(liil. fq-=-c-oflS''o-'lfl'f. 

This IS the unwieldy method until recently recommended 
for every example in " The Rule of Three " when oi. 
the terms are compound quant ilieB. 

If the long Division, which we have supptessed, ' 
written out at full, the work would occupy Hvenly-tuto lines 
under third term, instead of three, which, as is shewn 
above, are sufficient. 

The third term should never be "reduced to its loweat 
name" unless the multiplier (2nd term) be too large for 
convenient Compound Multiplication. Page 311" b. 



rsiS Bvia vr xmuit. kxaxples wokkbd c 



TTUhhtlfMiliialfcii iJurtiimi iJ^TinTini Till . Ill I J 1 

■«i W> mm; )e«> of RIO- te. an ronUined in UT167U0S- hr, 

Smt. 9TI«7^(»- Ihs. = 43^) lots of 6H0- Tars. eBcb. 

— S4I» lots of 13T0I f&Fs. EHCb. 

>'• >A««f *>>*TSM-tkn. = UTO| &n. Ses p. ais- 

Ik lk» wak laiir ihM Ioh cf ihii example there are, also, 

Im* «i JMfJUl rtiigm ■( Mot, wluch the pupil wiU do well 



TW ■»• anapl* •«l^ a 


It ttilhODl referc uee 


»„U. H 


CM of ISS 


lb. 

U'oc 


tTT- 


£. 






CM of 


14- or 


I- 


= tH of 5- 




OJ 


Jteoti: 


15J« 


971 


= (,h:of 5- 




Of)X97| 


K 






= lots- 




Of 


■ 






= 4 


11 


01 h- ., 



Or lh«s: hy BbU of Thn« in Talgar FMetioiut, 



■OJ 



A. 1? J- U 


: 1? S 15} 


5- 4 ( 


Or,A>rS{ 


i1a 


lOV, 


Or, 4.'1> 


w 


1^. 


Or, As J 




w 




= W«A'>t(I'«'»- 


xul) 




- t^W 


J 


i 


. 4- IW O'i jq. 


f 
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Or tbuB : By Bnle of Tbree io Devimnls. 
DBt. qr. lb. owt. qr. lb. £. «. i. 

As 13- 3- 14' : 12- 0- 15} : : 6- 4- Of : x. 

Or,Aal3'875 : I2-140'625:: 5-a03125(c.of 13°875) : x. 
Or, As 8- : 7- 7" c»i. 

8-}36-4 2187fi c. o f 97'125 
■E 4'55273J376 c. of 12-140625 



I 



q . 2-625 = id. + Sq. 
■ 11-B. OJd. |q. 



Although not !□ this ona, Decimals, in inanj examples, shorten 
the work. The qaantitieH being first eipreseed as Vulgar Fractiona, 
Httenlion to Exercise T.m. will render it easy to decide when the 
emiitiiyment of Decimals will be poai^ible or advantBgeonB. 



EXERCISE CXVII. 

I IN THB RULE OP THREE, OB SIMPLE PRO- 
POKTION, DIRECT AND 1KTER8E ; IN INTEGERS, IN 
VULOAE FEACIIONS, AND IN DECIMALS. 

Work every example in two v^aya : 
I. By Simple Proportion, or RuU of Thrte. 
II. By MaUiplicalioa and Division, leitltout refennet to Batio. 
Explain every line. Redact ai little as poisible. Cancel at mveh 
19 possible, 

A. 

FHE RULE OF THREE IN ISTEQEHS. DIRECT PROPORTIONS. 

1- If. 3' articles cost 3-K. (Ijd.. what will 11- cost, at the Bama rale? 

a- Whan a- cost .El- Il-B. lOJd. what will 7- oost! 

3' What is the value of tO-, of which 6' cost .£3' 10-a. 5^. • 

i- Find weight of fi' when 6' weitfb 8!l'Ib. ll-oz. fi'dwt. B-gr-? 

&■ Theweightofa'beinglB-lb.7-5 6-3 a-Q in-gr.findweightof 9-? 

6- If 4- men build Bl-yd. S-fl. a-in. of hedging, what length will 

7- build? 

7- Supposing 82';d. I'qr. S-na. I'in. of cloth, to make 5- dresses, 

how much wilt make 7-f 

3- men can mow i-i-ae. S-r. SSpo. 38'jd., what area will 1 1- 



f 



!8'1o, 4-qr. l-bo. 3-pe, bom nnch mD 3' 
■nan mni ooia i 
>■ Whun al' soul £9' in-H. 3}<1^ whnt 19 Uie Tilne oT SS- * 

- What is ihe value of Hi; whan 37' cost f^J' 17-b. 3}d.* 

- At what rnte per quartet do 91 -lb. (OBtflSO- IB-s. 2-d.r 



;. lO-dr, 



b prtckagea 
I' TliB weight of fl- being 87-T. 18-o»t. S-qr. l(Mb. 4-o 

fin J weight of 7- 

'■ irB'wuighlS'T. IG-ewt-l-qr. lUlb.2oK.6-di-.,whH[will8-weighI 
I' If !■ fiiecBH mennare collButirely Sa-EE. 9-na. l-in., what voold 

thi> united length of 0- auch pieces bef 
I* If the joint length of D' pieces be HS'jd. I'qr. 3*na. l-in.,Thit 

will 11' pienea meatiare? 
)' If in 1* bouri b ateam-gliip Iraiel TO-nii. I'for. 22-po. 4'yd^ how 

far nbuold sbe go iu Iti- hours T 
,- When nevon oqoal lengths atnonnt to 180'yd. 1-fl. B-in. 6'E, 

wlmt do D' Buah lengths amount to? 
!■ Tlirou iTlBota weighing in all «lb, ll-OE. UHwl. lS-grs.,find 

tha weight of eight' 
■ If 11- equal bars weigh lOllb. lOoz. la'dwt SS-gis^ whtt 



will ai 



•eighf 



I* Hiippining 2- pankaged to ooutiiin, altogether, 18'lh. 7-^ 5-3 

I'd lO'gr., SHcertsiD the weightof hufascore EDch packets. 
I' Four tfqual areiis eoinpi^ae ISD'suj'd. fi'ft. 10'' 10'", what eslent 

would T' audi spaces fill? 
\' To tnake eight equal allotments requires 118ao. 3t, 31-po. 

14)yd. How much land will B' of them (utter ? 
'■ A CBllnr oohhIsUi of two oompartments, which togetlior will 

contain ll-lo. 3'qr. It-ha. ape. It is proposed to enlarge 

the OGllnr bf the addition of other three aunb comparlmenta. 

What would it then contain? 
t- Seven equal massea of stone contain 341'cn.^d. 3-ft. 0-' 11^". 

Ktquired the aollditj of nine such blocks. 
)■ A biidy, moling with uniform Bpeed, traversea, in 3' hours, a 

distance of SS'ini. B'fur. 7-po. Jyd., what distance oonld it 

traiel in eight hours at the same rate? 
)' If i' liours be requisite for truvelling TO'mi. I'fnr. SS-po. 4'jd., 

whnt distance in 3- hours' journey? 
!■ Nine pieces of tape measuring, together, 118'jd. 1-qr. 3'na., 

what should seven such pieces tneasurs? 
(■ If threeacore sheep can be grszed in a field whose area ia 

Vi'M. i'r. 38'po. 38'yd,, what extent of pasture of lihe quolilj 

will Ruffice for 110' ahacp? 
!■ Fitl)' tons of hay being produced by a field measuring 71'ac 

Si-po. aojyd., what eitent of gronnd of similar fertility wiU 

yield ninety tons? 
I' If -ino- tilea CQTer a space of 00'su.yd. 7'ft. S-' 6-", what area 

will ^00- tiles cover? 
"^ea AS5- articles cost £637' S's. Ijd., what do 1163- costT 
1 YalOB of 12S7- at £IS- O-s. lO'd. for 672- 
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If 185- weigh 7-cwt 3-qr. 3-lb. IS-ob. wbal will 1S81' weigh * 
When e-cwt. 3-qr. IDlb. B-az. is the weight of 108- equal pack- 

Bges, whatis the wusht of lUSS- of tbemT 
Asuerlaia the weight of 8281- articles, of whii-h 3-21S- weigh ] 

aaW-T. 11-cwL ' 

^Vhat will the joint lenjfth of VO' pieces be, wheii 018' me 

005-yd. 1-qr. ? 
If 9- weigh 73-T, 5-ein. S'qr. sa-lb. Ooz. 3-(ir„ what « 

The uniled length of 5B1- pieces being lOaS-jd- I'qr., what 
will 101- of them ineisuref 

Required Ihe groas leagtli of 88' equal piefea, 837- saoh mea- 
suring 6335-;d. 3'qr. 2aa. 

A rectangle, S- chuus wide, has an area of 71-ac. 3±'po, SOiyd. 
ivhnt is the extent of aoDthar Fectangls, of the aama length, 
bat 8- ohaiDB wide? 

A rectaDRulBT-Bided cislern, 8' feet deep, will coQlsJn 40'le, 
a-bu., how much will fill it to the depth of 3- faetf 

If the value of B' articles be eiactly 7'9. lUjd., what will 13- 
be worth? 

A snperfiuous term is fi-equenlli/ given, an in each of Ike 
fvllaxeing six questions. 

i7- If I3-cwt. a'qr. I3lb, be carried lO'ini. 4'fnr. for 18-s., how 
far wonld the same weight be curried for £2- U-a.T 
Here, the weight conveyed being the same for both diutances, 
(he exant amount of the weight needs not have been given, for Ihe 
increase of distance is due only to the increased payment. Hon 
Ihe amonnt of weight may he disregarded in the computalioii, a 
the question considered as ruoniog thus : 

''IF a certain weight he carried 40'mi. 4-far, for IS'S., how far 
would it he conveyed for £A' 14-a. ?" 
48' SiuppoEing the carriage of %T. 16-cwt. S-qr., for 346' n . 

.£3' 13-a. 6'd., what would the comeyaDce of the same weiijht 

IIB' miles costT 

48- If 2'T. 17'cwl, 'i-qr. ao-lh. can be conveyed 64- miles for 

what weight will be carried the same distance for £5- > 

SO' If j;350- gain £13- Sh. fld. iotereal in U- months, how mucll 

will £181- gain in the Hame time, at the same rate? , 

51- The interest on £175- for 18- months being X(!- ll-s. 3-d., what 

amonnt of principal will gain £1- 10s. in the same ti 

52- If £104(1- gain £63- in la- montliB, in what Ume will tl 

principal gnin £10H; at the same rate? 

Frequently, only a portion of the question is solved by 

53- A person who spends at the rate of £la- 8'i fl-d. in seven 

weelis, is able to laj- b; £a4' 14's. per annum. What is liis 

Find, hy Proportion, his annual exptitditure, whinh 4* annual 



ting^ 
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64' If ^3' IS's. will prtrtide beep for a horse for 85- ia-je, lurw 
mnob more will it eosl to keep him a y?ar ? 

Sa' Boiighl JOO- qrs. of wheat for iUdO- IBs. I^., but 3e- qn. 
being ren^ereil nseleati by damp, for what sum mi ' * " 
17' qra, so as neither to lose Dor gaio on them 7 

EXERCISE CXVII. B, 
THE BULE OF TBBBS IK II4TEGER9. IITTKRaX ^ 
PB0PDBT10N8. 
■ If a eenua qatntitf of food will suffice for 6- men, for 15' 

da;a, (low long will it last 0' men at the Bame rate? 
!' How manj men can subsist for ?■ dajn on the quanti^ of food 

which will serve 10- men for IBS' days? 
I- lo what time will II- horses consume as muoh com bs would 

iMt 3D- weeks 0- days for 8- horses? 
I- When the orew o( a ship oompriseB only 6- persons, each msf 

receiie l*lb. 8'dz. Avoir, of food dnily. What would eaih 

receive if there were B- of them? 
i' Supposing, instead of 8', there were 13- of them, b; how muoh 

would the daily ration of each be diminished T 
)' Nine loaves, at 1-a. IJd. eoah, cost as much as 6' others; what 

are these worth apiece? 
r- How msny eightpenny loaves are equivalent to 120- nine- 

*■ Seven yards of Irish liaen are eichaneed for 0" yd. of Holland 

at I21d. What is the former worth per yard? 
]- The contents of D' packages, each lib. I'joz., being made up 

into 7- equal packets, what will each of these weigh * 
> What is the value of one article, when 7- such are equivalent 

to 11- at b\d, each? 
I- Eighteen workmen having completed a certain job, are entitled 

to £9- 7-s. each. Now, auppose that 17- of them had done 

the task, what would each have earned ? 
i' A dealer employing, instead of trae weights, a set which only 

weigh at the rate lit I5'oz. to the pound, of how much 

does he defraud a customer to whom he sells the pretended 

weight of I'qr. 4'lb. IH-oz.? 
3' Supposing his weights to be at the rate of IS'oz. to the pound, 

what is the true weight of that whirh he pretends to be 

5-cwt, I'qr. aO-lb,? 
I- It a piece of work conld be perfected, in the required time, by 

103' piTsans, working IT- lioura per day, bow many more 

must be employed so that they need work only 13- hours 

per day ? 
5- If 240' gain £28- in 18- mouths, what amount of principal will 

gain the same interest in 8* months? 
H* If 3'gr. 20-lb. be carried It- miles for a eertun sum. what 

weight would be token 13' miles for the same amount? 
7' How far iril! 11- tons be carried for the suui which would pay 

for the conveyance of 14- tons, 187- miles? 
8- If a-cwt. 3'qr. 6'lb. be transported a certain distance for 13'4. 
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per cwt., what veigbt, oarri^ the same distaoce, vould ci 

the Bame snm at lO'd. per cwt. ? 
I' Fourteen tana being conve;eiI b; waler, the Bame distance, and 

for tbe eame Bnm, as &■ toDS bj land, what is the rate per 

ton by water, tbe land carriage costing 1-8. 8'd. per ton ? 
)■ If tbe sbilling loaf weigh 8'Ib. wben wheat is selling at £3- 

IS-s. per quBTter, what is the priae of wlieat when the loaf is 

enlarged lo 9-lb. without inciaase of cost? 
,■ A sixpenny loaf weighing 3-lb. fi'oz. when wheal is at II's. 

per husl»el, what should it weigh when wheat fetches only 

S-B. per bushel? 
!■ In what time will 8" men baild a wall which would occupy 9" 

men 72- liaysf 
I' Tbe ronsumption of 117' \onn of coal per day being requisite 

lo effect certain work by steam engines in 4- days, what 

quantity per day would suffice if !)' days were allowed for the 

I- What is tlie fare per mile by coach, which will carrj one 20" 
miles for the sanie sum as one might post 13' railes, at J6'd. 

>- Sixty men being sufBcient to eicaviite a Ireneli in 6- days, how 
many could do it in 5' days? 

1' To complete the walla of a certain edifice in 90* days, it is 
requisite that they should be built at tbe ralo of B-ft. in 
height every day; at what rate must they rise to be finished 

'- In what time will £000- gain aa much interest as £1000- gains 

in I IT' days, rate, of com^e, constant 7 
<' What prioeipal, at £b- per cent., per annum, will gain tbe aame 

interest, in the same time as Mi6Q- IS-s. IQ-d. will gain at 

£3- per cent., per annum ? 
)■ Ot iwD rectangles, equal in area, the first is 16'fL ain. long, 

and ll'in. wide. The second is U-in. wide. How long is it? 
r Tbe rate of carriage by river being 4'd., and by rail B'd. per 

mile, for a certain weight, how far can it be conveyed by 

water for the same anm as 53' miles by land f 
1' From a garrison of 2SS0' soldiers, how many must be detached, 

so that the daily ration of those left behind may be increased 

from 13-oK.tolB-oz.? 
i' How many peraons may be fnruiBbed with 17'oz. of beef 

daily for 3- months, oat of the same quanti^ which would 

supply Vi-ar,. per diem to 153- consumers for the 

length of time? 
J- Two dozen tenpenny loaves can he made out of a c( 

quantity of fluur; how many, worth sixteenpence each, could 

be made from tbe same* 
^• An army having provisions enongh to, supply each man 

10- oz. daily for 112- days, how long wilUba stock last if the 

ration be reduced to IBoz. ? 
)' A ship starts with a stock of biscuit calculated to furnish her 

orew with ll'oz. each, per diem, fur ^00' days. But, on the 

eighteenth evening of tbe voyage, it is discovered that 

U9' days' allowance has been rendered useless hy a teak. 
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What n 

BUll Imt the full li 



ID of each now be, that the stock a 



ectangtar-sided block of sloue, T'ft. wide, and 3-ft. 9-iil. 
tbick, is of equul soliditj with another square prism of the 
samelengtli us itsalf, but U'ft, wide. How thick a the 
latter? 

37' Two cisterns (hallow square ptisma) will bold equal quantildes 
of water. The firat is l.'<-fl. wide, the second la-ft wide, 
and their deptha are equal. How long ia the first, the leogth 
of the BcooEid heing 20'rL T'in. ! 

SS' A rectangular-sided tank, 8- ft. long, sod <<- fL deep, beiiig qiuts 
full of water, is discharged into a square priamatio cintem of 
the same width and depth as the lank, but »■ tc long. How 
deep will the water stand in the cistern ? 

3D' How much inuBt the tank be deepened to allow of its being 
shurteued 1' ft. without diminisliiDg its capacity? 

40' How loug must a rectangle 2' it. wide be to hare an Area of 
1' square yard7 

iV If £1D&- gain £&' IQ's. Q-d. in S' months, what pnnoipal will 
gaio the same ioterest in IB' months? 

43* A certain estate being divided into 7' equal fields, each of tbem 
contains 43' oc. 2- r. 36' po. 3S' yd. Suppose it re-arranged 
int« 3- equal farms, what would each contain 1 

43' The Bpeoiflc gravity of mahogany being l'(>6&, and lbs sp. gr. 
of beech -83'J, what thickness of Che former wood will weigh 
as much as Ifi'in. thick of the latter, the other dimensions 
remoiniDg constant? 

44' Two ptisma, the one of apple-tree wood, and the other of asb, 
are of similar form, and like dimenaionB, the thickness of 
each being 16) inches. Now, to make them of equal weight, 
one iuch must he planed away from the thickness of the 
ash, of iriiich the sp. gr. is -S4B; what is the weight of a 
cubic foot of the apple-tree ! 

4i>' A certain rectangular-sided vessel weighs the same, whether 
containing asphaltum to the depth of 9' ft. 4) id. or sea- 
naler to the depth of S- ft. 7t in. What is the sp. gr. of the 
Bsphaltnoi, the weight of a cubic foot of sea-water being 
a-qr. 8'lb. 4'02.? 
TAe greater pari of the questions in the foregoing section 

are given in BXEECIBE cxviii. a. as Direct Proportioni 

IB Vulgar Fractions. See " Converiion of Inverse into 

Direct Propnrtiou," page 330. 

Fourth Exa-mple woeked out. If 19" i 



I would e 



i£9- 



The time (3- days) ia a superfluo 
Abbreviated Question. 



If 19- 6- 7- 6f 



B OF THREE IS tNTEGERS. VARIOUS 



I. 

Slaiement and Work. 

>■ ?■ 5i : 9- 1- H :: 19- (aarning 6- 7- 6§) : * 

halfp. bBltp. Bian. bajtp. 

L8 3059' : 4347- :, 19- (earning 30&B-) : x 

4347; j_^_ 

133' enming 7- dtaes 30S9'' 
760- enrning 40- times 3089- 
5700- eBTning 800- timea 306B- 
76000 ■ eamiug lOOO - times SOSa- 
3059- ]82593- earning i347- timsB 3069- • 

27 - earning 1347- hfp. or £0- Is- lid. 
* Or SOSfl tlnei «l«7' hulfpanee. 



B. 

f 



Whnn the third term is much less than the second, it is mi 
TOnvanient to make the third the Multiplier. This demands a n 
Form of eiplanatioQ, which iha student will find interesting to tra 
■q the present exanipla. 

Statement and Work, 

hiJfp. halfp. man. hilfp. 

3059' : 4347- : : 19' (ea. earning A "f 3050) A. : x. 
19- 
39123- ^ men, earning iU7- times A of 3058' b. 
43470- = men, earning 4347- timea H of 3O30- c. 
3059- )82593- =^ men, earning 4347- times 3U60- hp. u. 
27- = men, earning 1347' hp. or £0- I'S. IR 

hecause 10- mao earn 3OS0' bfp. 1- man earns ^ of that sam 
9- men earn A of 3059 hfp. C. 10- men earn ^ of that bu 
And 9- timea 4317- = 4347- times 10- iro. piukoimj: n. 
43S7' times S0B9- halfp. = 80BB- times 4347' halfp. 

III. 

CnnceUtsg nrnj he eTopIo;^ in lh<B KXBDipIe. 

Statement and WorL 

bBirp. hBlQi- men. bsirp. 

3059- : 4347' :: 19' [earning 305B-) : x. 
man. hiUfp. 

.Asiei- : 4347- :: 1- (earning tV of 3UBH') : X. 

, As 1- : 27- :: 1- : 27-' (earning (i of 3069-) 

or Q7- dmea 161- b.p. = 4347- b.p. 

Here, we Brut divide first and third by 19-; and then divide the 



Here, we fimt divide first and third by 19-; and then, divide the I 

^^ncond and the new firat by ISl- ^^^H 
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When the explanation 
and result aie shewn tbas : 






mple worked by two Divis 



5i = earnings of 19- men. 
8^ = eurninga of !■ man. 



> 1- U -^ 6- 8i = 27- (Ex. Lxxxix.) 



EXEKCISE CXVII. C. 
E IN INTEOEBB. DIBEOI FKOPOKTK 



Work each example in, at least, three leagi 
!■ Making leeond term raaliiplier, ^ 
12- Mailing third term mKltlpticr, y Explam every line,- 
3- WithatU r^ennce to ratio. j 

Cancel at maeh ae poisible. 
!• If IB- aiticles oost ^aiS' Itt-s., how manj, at it 

be bonght for £96- Us, B-d. ? 
2' What weight of beef ma; ba purchased for 3-s. 6ii., snpi 

1Mb. to cost 13-9. Oid.f 

3- Whan 7-Ewt.oostiEl-l-s.flid.wbat weight will cost £M1-B.10ic[? 

1* The labour at four men being requisite to bnild Bl- yd. 3- ft. 

a- in. of bedgiog, bow many will complete 100' jd. 1- tl. <1 j in. 

in the same length of tima, and working at tba sama rale • 

6- The oapaeitj of B' bins snfflning eiaotly For the reception of 

!8'lo. 4qr. I'bn. 3-pe. how many Buch bios will hold IT' lo. 



] 



l-qr. 



I'bu. I 



&■ Four alabs of equal surface will cover an 

6" ft. lO'' 10'", how many such wonld ba required 
34i- BU. yd. 3- ft. 0-' llj" ? 

7- Tha gross weight of ll-hhda. being IBI'T. 1-cwt. 3 
■" . la-dr., how many hhds. will weigh lU'T 



3H- 1 



I. yd. 



I3-lb- ll'o; 



, e-dr.' 
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8' Of two rectangles, tbe first in 5' chains niile, unit lias an are 
71-ac. 34pQ. anijd., while the second, being of Ilia b: 
langlh, has an area of 150-lU). l-t. SHpo. 22}d.: lioir wide | 

w many lb. will oost B-t. Oid.f 

■a. (l}d.. wlien 4- ydg. cost ID'S. T^d.f I 

II- What miniber will 6-a- IJd. pay Tor, »[ H'h. B-d, per dozen? ] 

1^- If 10' lengths are equal In 339'yd. 11 in., Low msJiy such 
lengths can be cul from lU()*id. l-ft. U^in.T 

13' If £-!■ ISs. be tbe Talne of Sl'lb,, bow much ia worth 
i:l7010-a.? 

lA- If IW-lb. cost 16'8. 4id., what weight may be boueht for £^Ti- 
l-3.0id.f 

16' If 3-hhdn. weiBh 43 T. !9-owt. I-qr. 19'lb, S-oz. 6-dr., how 
miuiy will WBigh 1 17-T. 6cwt. 13-lh. U oz. B-dr. ? 

l'> Tn-i>nty fi>ur equal Rllolments cnniprising, in till, BST'sa.yd. i 
8'ft. 5', how many such can ba made from lOAT'sa.yd. 3'fC 
0'3'"? 

IT' Tbe united weight of 10' equal packages being 93-lb. 3- 5 B' 5 

lO'gr., howmaoyran be tnaSefrom 831b. IO-g.B'5. I&-gi,? , 

IB- If 25' equal paroela weigh Bfllb. ll'oz. lO'dwt 1-gr., how many 1 
auch pnroela will weigh Ifli-lb. lO'oz. la-dwU 83'gr,? I 

19- Of two rectangular-aided bins, tbe lirat is 4'ft. deep, and will J 
contain SS'lo. Sbn.; the second is of the sams length a 
breadth na the firsi, but contuna SO-lo. 7-bu. 2'pe. 1-gal.. I 
Haw deep is it? J 

30' The ends of tworectangtikrGeldsofeqasl width, ereaeparated ] 
by a hedge 10' links thick, which it ia proposed to remc 
Iv'ow,the area of the larger field ia I^B-bc. 30-po. l<3i>d., i 
tliBt of tlie smaller one, SS-ae. It. 33'po. asfyd. What will 1 
the length of the united fields be, the larger being 9- chains' < 



l- Atl 



H, 7-d for 0-oz. 16-dwts. 20-gr. what would 1-lb. S' S . 8' J, 



V 



I5gr. e 

EXEROISE CXVIT. 
iCLE OF THBEB IV INTEGEKB, DIKECT PHOPOaTIONS. ] 
Work variotiity, as before, and explain every line. 
If 811b. 8-0i(. Avoir, coat £1- S's. 11-d., what will 3'qr. ai-lb. J 
. 8-oz. cost? 

When a-Hc 8'lb. are worth £1- 7'a., what weight ia worth I 
, fa-9-a. 3'd.T 

> What weight may be bought for £18- a-s. 11-d., when 7-so. e-lb.J 
cost i3- 0-8, lO-d-r 

a pig, weighing flac. 9-lb. be worth £1' lO-s., what is thi 
weight of another, worth XB' lO's. 3'd. at the same raleT 
6- At £1- lO-s- for 5-ac. H'lh,, what is the value of 13- 
e- Find the coat ot S'cwl. 3qi; Ifi'lb., when 8-owt l'( 

f3-18-a. Ijd.* 

7. If 6- English Ells oost £1' ll-«. B-d., what will S07Jyd. cost, 
the same — --" 



16 BULK OF TBSEK IN TXTIGAH FBACTIONS. 

I. The TOnt of 41 -ao. It. SO-po. being £130' IS-s. T^d., what is tie 

rent of Bl-ao. St., at the same ratef 
I, Find rent of 06ac. 3t. 20po., at £826- 10-b. Hid. for 314-ac. 

8t. 20'po. 
I- Bqr. e-lb. ooBling £16- 10-B., wliftt will 3-owt, 17-lb. cost? 
,■ 7'owt. I'qr. 7-lb. of pork being worth flO- IS's. Old., how njacli 

will 6-s. 5id. bujf 
1- CotDputB the cost of IT-sc. 13']b. of pork, when SS-sc. 5'lb. a09t 

MB- 10-s. 0|d. 
I' If a certain pipe discharge! 03' gal. 1* qt. of water in 15* rainnleG 

23} seconds, how mui^h will it diaebarge in 35' mia. IS' sec? 
',■ Supposing 15-lb. 6'oz. of wai to bo worth I*qr. 18-lb. 2-oz. of 

sugar, how niuah sugar would be of equal value with l-qr. 

T-lb. 11-oz. of was? 
•■ There are two ri<!ks of hay of the same moan breadths and 

heights. The first, being 0-ft. R-in. long, is compuled to 

contain 3- Tons. la-cwL The other is U-ft.O-in. long; whal 

ahonld it^ weight be, supposing its density to be equal to 

thatof the&rat? 



17- AsBuming that the shadows cast by any two sertioal objects, at 
the same moment, are in direct proportion to their heights, 
what is the altitude of a tower which projects a »ha'iow IDO' 
ft. I'in. long, at the same instant that a vertical rod 0-ft. 3* 
in. high casta a shadow 7'fi. 2in. long? 
_l'h income being £!iOO- lO's., and the income-tan upon it £30' 
IS's. lOJd., what is B's income, on whiah at the same rate, 
the tax is £14- &-s. Ofd.? 

I- It £i- lO's, 4id. be the valne of 3-qr. Sl-lb., what weight is 
worth £l-8'a.5id.r 

I- If 14'90. Oilb. cost £7- IG-a. »fd., what weight will cost £S- 5'S. 



ai- J 



1'd.f 



' How many boxes of soap, each I'owt. Sqr., can I bny for £73' 

10-s., at the rate of £i- 8'b. lO'd. for a-owt S-qt.! 
■s. B'd. be the price of lO'cwt fl-qr. of coal, what quantity 

can be bought for £35- ? 
;■ find how much coffee may be bought for £34' 6-a 8'd^ when 

B'lb. 14-oz. cost 9 8. Bid. 

iw many Btone of 111b. will cost £i- 13's. 9-d., if 9-so. 10-Ib. 

cost £4- Ib-a. llH? 

rectangular parterre is 5'yd. I'ft. wide, and contains 47-iin. yd. 

l-ft.,whatwil! its area be if its width be reduced to 4-jd. a-TL 



'■ The 01 



I'd., what will 9- 



tULB OF IHBBE IK TULGAK FBA0TIOK8. 

lethoda esemplified in the preceding eianip] 



a 



&ITLE OT THSEE IIT TULGAB FB&CTIONS. 

tonally applicable to the solution of questioos m wKicti 
one or more of the terms is a Vulgar Fraction, or Mixed ' 
Number. 

Fifth Example -wokked oni. Role of Thebe is ] 
VuLOiB Fbactions. If 11-cwt. 211b. cost £1- 6-s. Ud., 
how much would 17cwt. Iqt. 4'lb- coat? 
Abbreviated Quel lion. 







17f ? 


Statement and 


Work. 


As llA : n? 


:: 26A : ^ 


179 121 

°^"' 16" '■ ^ 


12^53 
■■ 48 ' ^ 


1233 121 179 . im 121 

' = T8- '■ " ^ ^ T6- - IT"- " X " a?^ 

3 

= i|^ 8. = 40J = £2- 0-B. 4-d. 



The explanation or the work of Rnla of Three in Vnlgar 'StM- 
tiona cannat conTenientlf ba given with each step of the praaess. 
The result in the foregoing euunple is traced preciEel; as ia Kule 
of Three in Integers, thus: 



1253 

48 


- 


cost of 


179 

16 


1263 

^48" 


.< 


121 

7 " 


, , 121 , 179 . 

cost of -^r- of -j-s- CWt. PHIN. IX, 

7 16 


,1253 




121 


179 . 1253 121 16 


[48 


7 ■ 


16 - 48 '= 7 " 179 






= 


..o.««.-o,'go,. 


L 


■ 


b 


ooBt of ^ CWt. or 17f CWt 
2 E 2 



REACTIONS. 



Coat of - 



- owt 



48 
121 



It idlhout reference 



179 



4 



40ia. = 
TbiB example coold doL be worked ant hj Decimals. Wbyf fl 
EXKBCISE CSVII. K. 
»OLE OP THREB IS VTJLQiH PKACTIONS. 
PBOPOETIOna. 
1- At £31- for 4 a Tnn, what will lA^wt cost? 
a- If ajcwt. cost j;5B. "hat weight ia worth tlf ? 
S- What will 7,Vrt- 0081, at B^a- for AcwlT 
1' If 2i miles be travelled in H of an Itaiir, what time will suffice 

to pass over h distaniie of i^ milea? 
0- B; sBving 1'b. in the pound of my inoome I lay by £-^0- 2's. 04. 
a year ; how much should I bbts if I spent ouly lU-d. in 
every shilling? 
6' Three sbillingB aud siipenoe in the pound of n person's inconiB 
amounting to £i' I's. I'd., what would &'d. in the shilling 

T' What is his income on the above aupprraitiona ? 
B' By R^ning QJd. in tJie ihilliitB of a certain selling-price. I bng 
£-1- B-s. S}d., what would my gun he at HA. an the skilHag 
of the cost price! 
a- What ia the amount of onllay ? 

IIV A'b and B's aleps in walking arH of equal lenirlhs, bat A takeB 
&■ to B's [i- and thus gains 1407d. aft. Hin. in a certiin 
tjiDO. Haw mach would be gain in the same time, if be 
took 8- steps to B"s fl- ? 

H" How far does each walk in the first inataniie t 

\i' How far would each walk in the second instanoo! 

13- If adding S- gallons of water to il- of brandy vil! make tfinii- 
ture worth S8{s. per gal., what will a componnd be worth 
per gal. of which 9' parts are water, and i& parts brandy? 

11- In making up crayons, of whiting and plaster of Paris, the 
directions were miBundorstood, and '2- porta of plaster were 
put in every S* of the mixture instead of to every 6- at whit- 
ing. How much whiting must be added to 3*lb. of the n ' 
ture to restore the due proportions of tlie ingrediei 

To every pound of plaster there is 1^1 b. of whiting, instead oTS 
Quantity of whiting in 3-lb. of crayons = 



9 1^ 



? 
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19' If lAst- coat 7]4r3. how mn«Ii may be hooght fur £7j? 
le- If l| bushels weigh ayjlb., what will f of a peek veigb? 
17- If e3JDwL be WDCth £387^1, what weight will ba worth £»0-^f 
IS- If (J of a quarter ot com weigh 3^4 yr. of a cwL, what will 

7} quarters weigh ? 
19- At 9-3. 4Jd. fiq. tor 7iJSib. bvoIk, how much will £15|,Vpay for? 
""■ ""- - ■ iigb t is worth £aoH> at im«. foe 2'i}41l). T 
|of It 01 ■' '" 



31-If M 

871 

22- If 4i 



871 m 



i Bosl f of 9- 1 



i js of £1", how n 



will paatura a floek for 70- days, for how long will 

ix-a acres aerra tbs name flockT 
33- Whm weight will cost £37i, at £3814 for liiSV cwl.? 
'ii- If a woman eim 13-9, 8'd. per week b; cloaiag iodiea' boots, at 

the rate of 9- purs in 1- dajs, what would she earn per 

week, if she could close 7- pairs in every S- days! 
QS- If pipe A discharge 10- gal. of water in 5- seconds, and pipe B 

IB' gal. ill 7'seD., how much will B diacbarge in tbe aune 

time that A discbarges 62$ gallons T 
28- A certain weight, lightened by long use, ia dlseovered, at last, 

to make 33-lb. 15'dr. appear to be Si-lb. S-oz. WUat&actiou 

of the said weight is worn awa; ? 
The Examples in Eieroise CXVII. D. mi^ now also be worked 
by Vulgar Fractions. 

■ ESLERCISE CXVII. F. 



PEOPOHTIOWS. 

1- If fi-as cwt. cost £3fl-a76. 
a- When 73- articles ci 

3- How many will £;10- 4-f. lo. Sjm. pay for, at £0-1176 for 14-1? 
4' Supposing the value of 3U- articles to he £1U3- i-H. S'c. 3 m., 

how many will coi:t £5- 5-&. To. 7'm.? 
S' If 1-J3-35 art. cost £16-3n37Ei, how many will cost £3-4S7S 7 
0- If !■ Ton, 4- cwt. oost ^21- 3-fl., what will 4- Todb, 14- owt. 3- 

7- If ]2-cwt.3-qrB.18-lb.e-oz.oosl£3-3fl.0-m., what weight will 

coat half a guinea? 
S- If 19-75 owl. cost £.10-I2'B. 3-d., bow much will 'B75 of a ton 

9- If 2-8Viiae. produce 90-7421875 qis,, what quantity would 
6 825 ac. produce at the same rete r 

10- If 3- ao. 3-r. 8-4po. produce hay worth f 3- 9-3. B-d., what Talue 

should 13' ao. 37'Hpo. produce? 

11- Attherateof £.W- Ms.4iiJ. tor3I-4articlea,whatwill80- cost \ 

in Decimal Coinage? 
l-i- It 38-8 gal. of spirit ba contained in la-gal. Ijpt. of a 

tnre, how mueh spirit is there inSiafflgal, of a similar 

compound ? 
^13- U 10- ao. a-r. beworth £337& per annum, what will 6T8 
^K, be worth?. 

^m 2 £ 3 



PBOFOKTION. ^H 

11' Supposmg 33'7B qrs. of irlieat to shrink, under certain oonl^l 
ditione, to3L'29 i^ra,, whatTslneis lost on that which shrinks 
to 881 ■0541(875 qre. nndor Bimilor oiroumsttttieaa, reckoning 
the groin at 43/11 per quarter? 

iKVEKBE (oB contbaey) katio and raopoaTioM. 

The InTerse or Conlrary Ratio of any two quantities is 
the Ratio of their Reciprocals, Page 145- 

To prose this, take anj two Kos., aa,j, ?■ and S- 

Their Reaiprosals are f and i. 

Nov, Inverse lUtia of B- to T' is Bslio of T' to 8', the Nos. being 
mitten in Invent or Contrary order. 

But8-i3toT-MW^BloA!w7a8lfi^toi? " 

.-. 7- U U. 8- inversely ^i is to i. 
That is, Inverse Ratio of 7- to 8- = Direct Ratio of f 
to i. And to make of these two Ratios a Direct Pro- 
portion, we must invert the order, either of the two 
Nambers, oi of their two Reciprocals, 

.-. 8- : 7- :; I : J 

or 7- ; 8- i: } -. ). 

In both which statements the Numbers appear in 

Inverse or Contrary/ order to their Reciprocals. 

2iirf. No. : 1st. No. : : Recip. of lal. : Secfp. of 2,>d. 

lit. No. : 2nd. No. : : Recip. of 2nd. ; Sedp. of Ut. 

CONTEBSIOK OF INTEESE INTO DIBECT PBOFOBTIOS. 

Every question in Inverse Proportion may be trans- 
formed into a Direct Proportion, by employing, instead of 
the first two terms, their Reciprocals, 

Then, Reciprocal of first term of original proportion becomes 
the second term of the new proportion, nnd Reciprocal of second 
term becomes the Srst term. 

This conversion of Ratios demands, of course, a con- 
siderable change in the form of the qucatioa, which 
change the following examples will illustrate. 

I. A QtfCSTION AS AN ISVEBSE pBOPOBTION IN IN- 
TEGERS. If 9' men complete a work ia 144' days, in 
what time will 16' men doit? 

Abbreviated Question. 



If 9-. 



, 144- 



CONVESSION OF FROPOETIO: 

Statement and Result. 



The tmo 7^01. of d 
Koi, of men. 



144- (for 9') : 81- (for 16-) 



! Invemety Proporti- 






the t 



II. The same Qcestion as a Direct Propobttoit ] 
IK Fractions. If r work be completed in H4' days, ] 
when J of it falls to the lot of each man employed, in . 

rat time will it be done, if the No. of men be so it 
used, that each will have to do only ^ of the task ? 
Io> 
ii>i 



Ahbrevialed Quetlion. 






¥ 



If 1 

A 

Now, as the laeu are Bnpposed to work at the Bame speed, 
'vhetber eooh does ^ or -g^, it is pluD, that the imaller the ihare 
lah has to do, the ihortcr the time be rd<1 the others will be 
iquired to work. The time to complete the work, in (he second 
istnnoe, will lie greater or Ibm tlian lil- days, esaolly as the 
loond share of labonr falling to each man is greater or less than 
the portion due to him in the tirat case. 

Statement and Result. 
fAsi: A-:: 144' (when en. does = 81' (trhen en. does-.V) \ 
3nce more. Comparing the two forms of the qneslion, J 
in order to discover how the Direct Proportion atisea 1 
from the Inverse Proportion, we note that 
I. The Times are Inversely as the Numbers of men. 
The more men, the iIiortfT time. 
The fewer men, the longer time. 

But, the Times are Directli/ as the shares of work. 
The largfT a man's share, tha longer time. 
The ama,ller his shoie, the ahorler time. 

And these two Proportions are linked bjr the fact, that I 
[11, The Shares ate Inversely as the Nos. of men. 
The more men, the imaller. share, and the shorter time 
The feioer men, the larger share, aod the (otiger time. 

we see both Proportions at once, and their con-*] 
lection. There ate, in fact, three Proportions includedi 
let III., for it is there shewn that 

I. If we take men and shares together, we have aai| 
Inverse Proportion. 

II. If we take men and limes together, we have s 
tnverse Proportion. 



PROPOBTIONB. 



s together, we havB a 



III. If we take limes and s 
Direct Proportion. 

RE-COX VEKSI ON OF DIRECT INTO INVERSE PBOPORTIOS. 

If, in the Direct Proportion of Fractions, the first.twa 
terms be" reduced to a Common Denominator, and this 
denominator cancelled, the statement will return to that 



of the In 


rerse Proportion of Integers. Thus : 


As 4 


A :: H4- (each m»n doing J) 




Or. reduoing first two lerna lo a Com. Deiit. 


Ab ,v.- 


T?T :: 144- (each n. an doing iV^r) 




Tt™, diylJlna li™i »d Mcond lerms bj xJi- 


Aa 16' 


9- :: 144- (each man doing iW) 



J 



16 01396- a man doicg HJ or all ths w< 
81' eacb man doing tiT or "iV of 
This last statement cainaidi>e nilh that of the Inverse Piapor- 
tian in Integers, though [he 16' SJid tlie U" ore not here d-iys, as 
tbej ute there, but Uiths. of the work. 

Thia is tbeir meaning iu the statement. Ab soon, however, as 
the S- is employed in a Multiplier, either bere or in the former 
process, it ceases to represent anj^ concrete qaantitj. See Pases 
170- and lifl- 

EXERCISE CXVIII. A. 



CONVEKSB. 

Direct Proportions in 
Fractions. 

!■ A certain quantity of food 
will last IG' days, when eacb 
person ted receives i of it. How 
long would it last, if the number 
of eaters were so increased, that 
eacb would receive only i of ll, at 
le daily ration aa before? 



k 



a- It t 



fofii. 

3' A stocli of com will last 
S3' weeks S- dnys, wben each 
horse fed is allowed \ of it. 
How long would it last if each 
horse got tV, at the same daily 



The aame Quesliont as 
Invene Proporlions, from 
CXTII. B. p. 320- 

I- If a certain qnantit}' of 
food will suBloe for 6- men for 
15- days, how long will it last 



2' Hob many men can sub- 
sist for 7' days, on tlie ttatue 
quantity of food whiob will Serre 
10- men for 168- days? 

3' In wbattimflwill 11- horsey 
connome as much com as would 
serye aU' weeks fl- days, foe 8- 



INVBEBB FBOPOKTION OF FJliCTlONS. 



^ 4- One eighth of a ship's 
T's daily allowBDCB being 1-lb. 
!. aToir., what ia J of it? 



m prises only 6' persons, each 
Qj receive 4-lb. B'oz. avoir ■ 
3(1 daily. Wbat might e 



Prevwialy to copying any ont of the remaining ^uettioti 
in this Exereiie, write oat the qiifttion having the mm 
■nuniher in Exercibb osvii. b. p. 320' Work that quettion \ 
hy Invent Propoition. Under that work, write the questioti i 
us !iere gloert, and work it hy Dirfct Fivportioa of Frae- 
tiom. This method will exhibit the conti'tut between tht 
tim f'/i-Titg of the same question^ and between the two viodet 
of lalviny it. 

b- Siippoaing, (Bee last example,) inEtead of |, each person were 

entilled lo only ^, bj bow much would bis daily ration 

tlion be dtmiDished? 
6' One ntath of a oertain quantity of bread is worth 19^,, nhftt , 

in i of it worth? I 

7' If I of a oertaia loaf be equivalent to } of another, how man; . 

of the former are worth lai)' of the Utter ? 
8' One Keventli of a yard of Irish linen being of the same ralue , 

as i of a yard of Hollanil, what is the Irish worth per yard, 

the Holland costing Iti^d. per yard ! 
0- Whal is the wwgbt of J of a quantity ot goods, J of which 

WKisbsl-lb. la-oz.? 
10- What is the value of f of a lot of goods, if iVof '^ ^ ^°'^^ ^id.? 
11' If, by doing -^ of a piece of work, a man earns £D- 7'h., what 

would be earo by doing Vr of it ! 
12' A dealer, eacb of wbofie weights is only -^ of what it slioulj i 

be, sells what be calls l-qr. I'lb. IS-oz.; of how much weigbt I 

does he thus defraud his cuslrimerf I 

13' Supposing his weights to be only ii ot wbat they should be, 

what is the true weight of that which he pralenda ti ' 

5? cwL ? 
14' How many men must come to the aisistance of ins-, so 

^ iif a cerlaiu work may be done in the same time aa iV of I 

it would have occupied ? 
IS- What principal will gun the same interest, in the same tim^ 1 

al tlie rate of £:ii per month, as iiilV will gain at the rate 

of £1S per month? 
lO' One Rixlh of the distance that 3^qr. are oarried, is equal to 

^ of the distance rhat a smaller weight can be carried for 

the same sum. What is that weight ? 
17' Oae fourteenth of the weight carried 187" miles, is equal to 

iV of that conveyed a greater diBIaD<:e for the same money. 

Kequired this distance ? 
18- Supposing that A "f a cwt. were to coat aa much in carriage as 

i*r now does, what weigbt woald be conveyed for the si~ 

paid, at present rate, for a-cwt. a-qr. 61b,, distance eoostat 
One foiirteenth of the weight conveyed hy water, ia equal 



I 



1 



INTERSE PnoPORTION ( 



' FBA0TIOK3. 



) of that flBrried tlie same distance, for the same mone;, b; 
land, What is the rate bj water, the land carriage braog 
£ A per Ion ? 
!■ TVhat ia the price of •heal, if J of a oertain-priced loaf is u 
heav; aa I of a loaf of that price was, irhea wheat stood at 
£^■6 per qaarterf 

■ If the price of wheat fall, so that } of a bu-)he1 oosts onlj 

what 1*1- did, when the siipenn; loaf weighed 3-lb. Oia^ 

what should the weight of the loaf be made ? 
I' A wall can he completed in T3' days, when each man employed 

bmlds i of it; how long would it take if each stiah man 

were ret^uired to do onl]' oae-eighlli of it? 
\- To effect n certain work, hy BteuD-eDgiiies, at the rata of I per 

da;, reqoirea the consomptioii of IIT- tons of ooal dtuly. 

How much would suffice for oue day's fires, aapposiug only 

i of the work to be completed in each day } 
.' The fare by post-chaiBa being 1 5* pence per mile, wliat is the 

rate by mail, which would carry one as far for i^ of any 

sum, aa one could post for ^ of the same amount ? 
!■ If siitj men can eicavate i of a trench in a day, how many 

would dig i of it in that time? 
!■ To complete sV of a building per day, it ia requisite that 

the walls should rise at the rate of 5fi, in a given Ume. At 

what rote roost they he elevated so that A of the work nHy 

be done per day P 

■ When every £!■ of principal gains tc^ of a certain amount of 

interest, the whole ia gained in 117' days. In what tdme 

would it he gained at the rate of ^^ for every £1- of 

principal ? 
I- What principal will produce ihe same interest in any given 

time B3 £450- 15's. 10-d., aoppoaing £^to gain ss much at 

£i gained in the former eaae ? 
>■ Of two rectangles, equal in area, ^4: of the first is of the same 

width aa ^ of the second, both fractions being recumgnlar, 

longitudioal slices, (page Stiltl'), what is the length of the 

second, the first being IS'ft. 2'in. long > 
I' The conveyance of any given weight by river, costing only aa 

ranch per J of a mile as by rail for ^ of a mile, how far conlJ 

it be carried by water for the same expense as 62' miles 

by land p 

■ From a garrison of 2BS(I' soldiers, how many must be detached, 

BO that those left may receive as much food for -^ at a day, 

BB they at first received for jV of that time ? 
!' How many men will oonsnniB in A of a given time, as moch 

beet as 153' men will cooanmein Aof that time? 
I' If ^ of a certain loaf be eqnel to ^ of another, han> many of 

the latter are equivalent to 21' of the former! 
L' An army having provisions for 112' days, how long will tliB 

slock last, if the qnautity originally calculated for -^ of any 

given time, be made to suffice for ^ of that time p 
y If a ship's stock of hiscnit had been secured from injury, each 

mao might have received 14'oz. per day for the entire voyago, 

Bat, after some days at sea, it was discovered " * ~ 
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the: 

38' Two aqnace priamB are of eqanl lengths, and of equal Bolidides, 
but of unlike iridtha and thicknesses. Nnw, if tlie first 
were ^ of ila present width, and the second Vr ^^ i^ present 
widch, they would differ onlj' in thicknesB. How thick is the 
second, the flrsC being S-ft. 9'iii. thick? 

37' Two eistems (hollow square prisms,) will hold equal quantities 
of water, and are of equal deptkH. Nr>w, the same width 
which, in the second will oontaio tV of a gallon, will in 
the first contain ]V of a gallon. How long is the first, Iha 
second being iO-tt. Tin.loug? 

38- A rectangular- sided tank, S'li. deep, being qaite full of water, 

ia discharged into a (square prisniatio) ciaierri, o! the same 
width and depth. Now, i of length of cistern = i ot 
length of tank. How deep will the water stand in the 

Or thus: 
How deep in a cistern, which will contain in } of its length, 
as much water aa a tank G*ft. deep will contain in ii of its 
length : breadths being equal ? 

39- How much must the tank be deepened,so that the length which 

originallj contained i of a gal. shall contain f ot a gal. ? 
dO' Tiiare are two rectangles, eaoh havina an area of 1' sqaara 

yard. The flrst in S'll. long, and j of its width is equal 

to i the width of the other. How long is the latter > 
i\- Wiiat principal will gain £iV in the same time that £1SS- will . 

gain £i, rate being oonstant f 
42- What is the extent of i of an estate of which J oontaina «'ao. 

3t, 30-po. afl'jd.? 

TRACING THE PROCESS IN IHVBBSE PBOFOHTION BSAMPLES. 

The conversion of Inverae Proportion of Integers into 
Direct Proportion of Fractions, explained on pages 330' 
and 331', and illustrated by the Examples in Exehcibe 
cxvii. B., and Exebcisb oxtiii. a., furnishes us with a 
means of elucidating parts of the process of Inverse Pro- 
portion which would otherwise be obscure. 

This obscurity occurs when the third term of a 
Terse Proportion is multiplied by a second term containing 
more than one place of figures, each being employed a 
separate multiplier. 

Sixth ExAMn.E woeked out. If a certain work 

be completed in 149' days, by 352' men, how long would 

it occupy 47" men, working at the eame rate? 

Ahhreviated Qitealion. 



If 352- 



149- 
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Slaiemetil and ffori. 



449- X 352- 52448 



2U8-br_|- of 3sa- oitTto* *- 

7450- for ^ of asa- or 7^^ B. 

^^i^*>t'- for a^ of 353- or I^ C 

47-)5244STot jj^of 352-or 1- O. 



^ lll-lta foriT-i 



A. TicUe »a long for Aof/a? maoj men. 

B. f i/^ lirae» ax long for on* ji/W»(fc of Ihera. 

c. TArM Aundrtil fimei as long for one lAree-hundreifM of tliem. 

D. Tkttt hundrtd aiui fifly tico tiines as long for jj]- of tliem, 

E. One /orty-tfrftith of lliBl time for 47' men. 

The eiplanadons giren above of the five lines ot the work, ira 

evidently oorrect. Yet there ia atill a, gap. The procesa n pot 
clearlr tj»ced. For the meanings aptwnded to the three tnieinie- 
diatu lines i, B, and c, do not account for, or lead down to. that of 
the fourth linen, produced by adding th^m. For i -f- ^ +3ivU 
not eqnal to rfj. 

A step in the reasoning ia concealed. And that MEp is mt3a 
evident by considering what the qneslion would he, if converted into 
& Direct Proportion, by emplojing, instead of the first and sacond 
B, their Reciprooala. The qnestion would then be: 

"A certain work is completed in 149- days, when ^\^ of 
t is done by each man employed. How many days wotild 
' " ccnpy, were ^ of it done by each, working at the 
e rale of speed as before?" 
And now, reverliog to the former work, we can easily explain i^ 
Being the procpss in such a manner, as to t>hew clearly how eaet 
le derives its value &om its predecessors. 

Statement and Work. 



39STor i of aaa- each doing ^fy A. 

7460- for 3*5 of 322' each doing ^^ a 

44-700 ■ for s Jir of 36a' each doing f|j a 

'■ )52448- forslj of 858- or 1- m. diiinB ail. a 
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»x, H&lf RB maiij men, each mnsc do twiee oa mach. 
B, -^ ea mauj „ each milBC do SU' tunes as much. 
c. sii as many „ each must do 300' limes aa much. 
<!>■ siiaainBu; » each mimt do 30^' timea aa much. 
Bui, in all five CB^es. the speed at whifh a man irorhs remuns 
unchanged. For, wbeo half tlie original no. of men completE the 
task Ihey have twias as long to do it in. When one fiftieth of Iho 
DO. are Bufficicnt fifty times as long are alloned, and so on. 

Heoce, it is easy to perceive how the aiguiiications of line a is 
contiect«d with those of lines a, b, and c. 
For: di;i 

In the first fias- he would do jh °f <he taxk. 
In the ne« 7160' he would do ^ of (he htek. 
. Ill the last U700- he would do MS of the task. 

^H .-. lo the whole 62Uf<- he would do gJS, or all the work. 

^H EXERCISE CXVIII. B. 

^^B INTEBSE PfiOPOBTIOKB. 

^^K Trace the process, and explain every line. 

^HEl" If 73- bnrsea can he kept for 78' days, on a uertain quBCtJCy 
^H of com, how loDg can 13' he fed, at the same rale, on ths 

I like quantity? 

3' At what rate per day cm) 90' men be supplied out of tbt I 

quantity of food which would give 8* lb. 10' oz. per day, to I 

HS- men, for the same number of days ? 

»8- SuppDsing each of 113' men can have dnily Hi ot,. of food ' 
for 47- days, how much mnsl the ration be reduced so that 
tlie Home stock may serve IBH' men tor ihe same length of 
4' If 01' persons con complete a piece of work in 185- days, is 

what time would 37- do it? 
3' Supposing lH'i- men can finish a house in the required time by 
working la- hours a day, at what rate must the remainder 
work to efi<!Dt the same result, if 45- of them be withdrawn? n, 

tt- If alosf, of a fixed price, weigh 7'Ib. 13'oz. 4'dr., when wheat ^^^ 
is at ll's. a-d. per huHhel, what should it weigh when wheat ^^^| 
is at n-f,. ll-d. per bushel? ^^H 

7- When wheat is at Jl-s. 1-d. per hushel, a certain -priced loaf ^^^| 
weighs 3- lb. S-oz., what is the price of wheat when a loaf ^^^| 
weighing 4- lb. 3- dr. can he bought for the same sum ? ^^^H 

4' How many yards of linen, i\ yd. wide, will line 16' yd. 3' qr. of ^^^H 
cloth 4| yd. wide? ^^H 

9- How wide is the cloth of which 48- yd. »- qr. are lined hj ^^H 
SB' yd. I- qr, of canvas, 3-qr. 3'ua. wide? ^^^| 

10- How many yards of carpet, IJ yd. wide, will cover the floor of 

a rectangular passage 7' fL 6' in wide, and 168' ft. long > 

11- Of two equal reclangalar fields the first is IB'aa oh. long, and 

131 cb. wide; tbe second is 1-711 cb. wide; bow long is it? 

tl2- If a certain commodity coat £1- 16's., at a given rate per lb. ^^_ 
avoir., what would it cost at the same rate per Ih. Troy ? ^^H 



13- The coDteotB of 5n- bflles, each weighing 17- iwt 2- qr. 1 5- !b. 

b' oz., ore re-pocked Into 735' eqnal parcels. Wbat will *ach 

of Ihesa weigh? 
II- How manj boxes of BOBp,.eaoh contaioing 2- evt. S-qr., cnn b« 

filled from 14- framea, uacb conuining !■ ton, 15" owt 8- qr.! 
15' Wbat IN the tme length of a road which, bnng measured bj a 

Ounter's ohaiti, atretehed 0* inohea, appears lo be IS- cb, 

aB-ful-in-long? 
IB- How much in a Gunter'a chain siretched, if it make a r«il 

lergih of 70- ch. !■ ft. 0- in., appear to be only 69-S chains? 

17- What is the liue length of that whJBli appears to be 140- eb. 

3B' fc when meaaureii by a O. C. which ban shrank 4,- linkst 

18- How long is a chain which gaina 5- ob, 41- it. on 13i' ch. GOB. 

of true jBeasorer 
m- How large » bnlk of Portlanc! atone. Sp. gr. S'03 will comitei- 

poisa Bai8;B en. ft. of American ehony, Sp. gt. 1-49 ? 
SO- A certain weight of oil, Sp. gr. -93S, ails a certain rectaiiFfutar- 

sided vessel Ut tbe depth of 3- ft. 3^ in.; to what height 

wuuld Ibe same weight of molten lead rise in tbe same 

vessel, Sp. gr. of the metal being ll-2ft° 
ai- At B certain rale per lb. Troy, a parcel of goods costs £i- Us. 

md., what would it cost at the same rate per lb. avoir. ? 
aa- A Gunter's chain being 1' link short, how long will lOtl'Sd true 

chaiQB appear when measared by ilt 



I 



BARTEB, OB EXCHANGE 07 O 

"Wlien two quantities of goods are exchanged, ohm 
the other, it ia implied that the gross values of the two 
lots are equal. If, then, the one lot consiBl of a greater 
number of tilings than the other, it must compriBe articles 
of a less individual value than those in the other. 

No. of articles and price of each are ill Inverse Proport 
When Gross Talne Is constant. Pages 30B- and 30D- 
Eartci questions, therefore, fall under our first case o 
Inverse Proportion, and there is no necessity for treating 
tbem under a separate rule, as is frequently done. There 
are, however, certain peculiarities about the tracing of the 
process in Barter questions, when worked by Proportion, 



reatet 
rticles 

rip 

case o( 



FlBI 



Ho- 



rn any yards of 



cloth at 12's. should be equitably exchanged for 108- ' 
at 17-8.? 

Abbreviated Question. 



Staiemmt and Work. 

Aa 12- : 17- ; : 108- [@ l7-=iV do. of yds, (SH):x 

IT; 

756- = iV no. of yds. @ l-s. 
108O- = ^ no. of yds. @ I-b. I 

Iflsi- y 17- 12 0183S - = no. yds. @ I'B. I 

rr^ = 153- = no. yda. @ 12-s. 

The multiplication is here, purposely, effaoted in two lioM, 
ralhor than in one, Chat the valaes of the two intermediate liues 
may be Bhewn. 

Both quantities of goods in this example being measni^d b; 
lioeiil anils, there is B ratio between tbnsa tiro quantides. (PbInci- 

Aud ne state a proportion irhieh is logical and true, in saying; 

Ab 12- : 17- : : 108- : 153' 

■ ^ For, 12- = i^ of iV-; and 108- = ^ of 153- 
W Bnt, suppose the quCEtion had been, as it might have been : 
"How many gallons of gin, at 12-a. per gallon, are ex- 
changeable for 108- yds. of cloth, at 17's, per yard?" 
We could not any : 

Aa I'i- : 17- : : lo'S' of cloth. : 163- of gin, 
vbich is an abJtnrd alatemenl; for there is no ratio between yards 
of ciath andgallonsof gin; (pRlNotFl.R v.) 1D8- yds. of cloth being 
neither port nor multiple at IS3' gals, of gin. In such eiamplea, 
namely, vhere qoantiiiea of unlike lund ace bartered, we canool 
form the question into a proportion, unleea ' " '■ " 

one of those unlike quantities into the sait 
other quantity; or, oonsiiier both quantities i 
an; timilar kind. 



: Change 


the unit of 
that of the 
of units of 


: iVi- 








1S3> yardi 
L63- gal. 
153' gal. 


sat 


il 





L. As 13- : 17- : : 108- 

■ •. ' Then, lOfl' yds. at 11 i are equivaleot tc 

H And l&lt- yds. at 13/ are equivalent tc 

f lOS' yds. at IT/ are equivalent t< 

So that, in fact, we work out a trna proportion, which given un 
the fourth term of same kind as the third, and we then cbangt the 
unit of the result into the name required by the queation. 

Also, instead of working for yardi at 12'S., and then supposing 
those yard* exchanged for the same no. of gallani at the Bama 
price, we might have supposed the 108- yds. at 17's. to he changed 
for lOS' gals, at IT'S., and then our statement would have been 



i 



As 12- : 17- :: 108- (at 17-8.) : 153- (at 12-s.) 
The answer coming out at once in the required name. 



3 be noted in pxamplmf: 

Secoxd Example wohkeii otrx. How many gallons 
of beer at 5d. per ql. are worth 6- lb. 4- oz. of tea at 4/6 
per lb. ? 

Ahhreviated Question. 



If at 5 4 

at 4/6 



Statement and Work. 

lb. oz. 

: 6-4- : x 



400' 



Sl-d. per ib. = A *t. @ l-d. jwr lb. 



A wt. @ l-d. per B, 
^f wt. @l-d.perlb. 



Proportion ifl, however, 
method of working out qm 
simply solved 



Without reference to Ratio. 

4- e- = V. of I'lb. of tea. 

61 

1- 7- 0- =v. of B'!b. of tea. 

V_lj= V. of i lb. of tan. j 

T.of lqt. = 5-d. 1- 8' lj = v. of (ijlb. of tea, or of the boar, "j 
sauio in far. = 20' q. U35ll' q. = v. of beer, in farthinga, 
4-)IV7i = 00. of qf3. at 5-d. 
Tfi^nal. 3- ntH. 1- pL 



* 



Vd. per Ih. 
6000-oa, @ ttd. per lb. 
6-J5400-oK.at Vd. p«r lb. 
16' )1080 -oa.at 5-d. per lb, 

67 j lb. at 5-d. = no. qtB. at 5-d. 

ftai. It. pi. 

«=6Tilb. ^67|qt. = 16- 3- 1- 

We might, at storting, have chaoged the unit, and trusted tb« 
question as rimnin); thus, (substitnting qts. for lb.) 
"Hnwmanjqtfl. at 5-d. are worth e\ qta. at 1-h. B-d.f" 
And then, worked by tractions, the statement and reaolt wonld be 
d. A. qW. qifi. 

As 5- : S4- :: 6^ (ai M-d.) : 67J C« S-d.') 

I needlessly ronndabont and laborioct 
itioQS in Barter. Tbej are mach more 
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Third Example wobkbd out. If 40- yd. 2*qr. 2na. 
of cloth at 6*8. per yard, be equitably exchanged for 4* lb. 
15* dwts. of old silver, what is the latter rated at per lb.? 

With the foregoing concrete quantities, all three being anlike, the 

statement of a proportion is impossible. For, as the third term 

of the proportion mast be that one which is of the same kind as 

the answer sought, the only semblance of a proportion which we 

can derive from the given question is 

lb. dwt. yd. qr. no. b. 

As 4- 15* : 40- 2* 2- : : 6* : x. 

which is absurd; for it means "Whatever part or multiple the 

quantity of silver is of the quantity of doth, the same part or 

multiple 6*s. are of the answer sought." In such a case, we reduce 

the two terms of commodity into mixed numbers, and consider 

the units whose price is given as changed into units of the same 

kind as those whose price is sought. In the present example, 

then, 

yd. qr. na. yd. lb. dwt. lb. 

V 40- 2- 2- = 40|; and 4* 15- = 4^, 

the price of a yard being given, and the price of a pound being 
sought, we change the yards into pounds, and say in the 

Abbreviated Question, 

lb. 8. 

If 40| at 6- 

4iV at ? 

Statement and Work, 

s. 
As 4^ : 40| : : 6- : x. 

Or, as j^ : ^^ • • f ' ^• 

. 5' 2- 



8. 



. 6 325^65^6x^^^ja0;^g-^._3'. ^^ 

••'^"i''"8"i6- — r^?^-"" ^ 

PBOOF. 

40* yd. 2* qr. 2* na. at 6s. per yd. cost £12- 3-8. 9*d. 
4- lb. 15- dwt. at £3- per lb. cost Jei2- 3-8. 9-d. 



EXERCISE GXIX. 

MISCELLANEOUS EXAMPLES IN SIMPLE PBOPOBTIOI^, 
DIBECT AND INVEBSE, INCLUDING BABTEB. 

1* Trace the process^ explaining every line. 
2* Prove every example, without reference to ratio. 

2 F 3 
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■ If B8' men, b; complHliiig » 



c, earn £2- 10'^ 



woolilhsTe Uean due to each of SI- i 

perfonoing the eudb tsitk? 
2' Two Bxaoilj similar houses are built, the first by 144- men, 
each earning £3- IT-s. 2{d., irbile, on tlje second, each mm 
gets £9- 15-B. The rata ot •age and the qaalit; of worken 
being constant, how many men are engaged oa the BecoDi 

8- The gTMQ produced bj 9-4375 ao. being accnrslely meosniA 
was round to be 82- qr. 4- bn. 3' pa. 1- gal. At the sarae to/. 
what should be the produce of 10-50879 ao.? 

4- An estate containing Sfl- ac. 3- r. 20- po., estimated at £-!ifl- 17 1 
6'd.per acro.is oichaoged tor 12'ao. St. 30-po, of boiUuig 
land. At what rale per acre la the latter valued ? 

S' At £\'iie for <I'4 ao. hoT much land ia worth £ino- 9- S, S' «, 



I- If 9- B 



a Quch aa 1 j- women, how many women shoidl 



- Supposing 7- sheep eat as much as 3- cows, how long will tint 
^t of food serve 100- sheep, which will keep lO'cowJ 



« ^ iherp. i£e. 

1-au. feet, and its -width 19" fl., 

a its length to reduce its area 






. I' qr. 20-lip.. «t 



for 3- worts! 

Ill- cowl tal at TTcach i 
)■ The areaofarectangle being 42 

how much must be taken t'roi 

bjll-su.jd. 7'ft.T 
I- A man bought iO-sacks of oatt 

fl-B. O-d. par Hack, and sold the whole at lO/s' per 

7-sc. 8- lb. How Binoh did he gain? 
)- How many sacks did he sell ? 
- Bow TDUch did he gain bj 40' sacks told ! 
I' How inanj sacks mast he bnj to have la- more than tint 

number to neU, respeetivH weights as above? 
I' What did eaeb sack which he sold cost him ? 
.' At what rate, per sack 6oi«;fil, did he sell? 
I- If 3- lb. B- g. 4;3. i-g. lU-gr. flost £2- 9-B. I^i, what will 



7-dwt3 



■gr, c 



)- How many jards aia-s. B^d. are equivalent tol'cwt. l-qr.Sl-lb. 

at £11- 13-s. per cwt.J 
r- At what rate per cwt. will IT- cwt. 1' qr. be worth as mnoli a> 

2- OK. 13-dwt. le-grs. at£3' ll-s. 3-d. per oz.f 
i- Supposing 4-cwt. l-qr. 7- Ib.of sugar to be equitabl.v eichaoge- 

able for IQ'jds. 1-na. of broadcloth, at £1- 8-s. 6'd. per 

yard, what is the computed price of 1- cwt. of sugar ? 
)■ If a-qr. 13-lb. at£1D-lU-B. 4-d. per cwt. be of equal value nilh 

1- hhd. 17- gal. 2- qt., what is the price of a gailoo ■ 
h At what rate per lb. will 10- oz. I'dwt. B- gr. be worth as tnitch 

as4-DZ. 3-dr. at^-4-s. 4'd. per lb.? 
.- BoQght a quantity of drug at £i- 17-a. fi-d. per lb. Avoir., and 

sold it at the same price pec lb. Apotb., thus gaininB ill)- 

11-8, 9-d. What was the weight bought! 
!' What it tlie real length of that which appears to be 411' cb. 

5S-fi. lliin., when measured by aGuBter'schain, coiitracied 
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OOliiPOTmD FBOPOBTION, OB DOTJBLE BXTIiE 

OF THREE. 

When two or more Simple Proportions are so connected 
that the fourth term of each of them becomes the third 
term of the next, these several Simple Proportions, taken 
together, form one Compound Proportion. 

EXAMPLE OF A C0MP0T7KD PSOPOSTIOK, MADE I7P OP 

F0I7B SIMPLE PBOPOBTIONS. 

FiBST Simple Pbopobtion. If 37* men build l6' 
sup. roods of a wall, how much will 74* men build in the 
same time, at the same rate of speed ? 

Statement and Result, 

men. men. roods. men. roods. men. 

As 37- : 74- :: 15- (for 37-) : 30- (for 74-) 
Second Simple Pbopobtion, intboducing two 

new TEBMS with F0I7BTH TEBM OF POBEOOING SIM- 
PLE Pbopobtion. If those 80* roods be built in 27* 
days, how much should be built in 63* days, of the same 
length, by same no. of men, working at same rate of 
speed ? 

Statement and Result. 

daTS. days. roods. days, roods. days. 

As 27- : 63- : : 30- (in 27-) : 70- (in 63-) 
Fourth of preceding proportion becomes Third of this. 

Thibd Simple Pbopobtion, intboducing two new 

TEBMS with POUBTH TEBM OF SeCOND SimPLE PbO- 

POBTION. Supposing those 70* roods to be built by 
working 10* hours a day, how many would be built by 
same no. of men, in same no. of days, at same rate of 
speed, but working 12* hours a day? 

Statement and Result, 

hours, honrs. roods. roods.^ 

As 10- : 12- : : 70* (in 10- hour days) : 84* (in 12-hour days) 

Fourth of Second Proportion becomes Third of this. 
FouBTH Simple Pbopobtion, intboducing two 

NEW TEBMS WITH POUBTH TEBM OP ThIED SlMPLE 

Pbopobtion. Supposing those 84' roods to be the sur- 
face built when the wall is 3* ft. thick, what area would 
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be built, by uime no. of men, in same no. of daja, of 
tame length, and at same rate of speed, if the wall wen 
2- ft. thick* 

Slatement and Setult. 

ft- h. roodfr fL roodA- fL 

Ab 2- : 3- :: 84- (of 3- thick) : 126- (of 3- thick) 
Fourth of Third Proportion becomes Third of this. 
Now, thin ultimate result, namelj, 126' roods, which '■ 
fourth term of the last propartion, i* produced bj molli' 
plj'ing third term of first proportion conlinu&Uy by tU 
lour second terms, and dividing the product continually bj 
all four first terms, or by their continaed product. Fm, 



Prop.==lBX74--e-3T-=^" (Pa™. xr.)^t^ 




COMPOUND PKOPOBTIOW (OR DOUBLE HOLE OP THBB) 
QUBttTION, MADE UP OF THE PBECEDING FODK HDinA 

PROPORTION quEanoNS. 

If 37- men. in 27' days, of 10- hours each, bui'Id 15' 
sup. roods of a wall, 3' ft. thick, what area of a wall 
2- ft. thick, will 74- such men build in 63- days, of 12- 
hoars each ? 

In the Rftme w»j, flvo o 
Simple ProjiortionB maj 
portion. And it will b» Be 

I. Every Compound Proportion question muat contain 

an odd number of terms. 

II. The odd term (as in Simple Proportion) is of tha 

same kind as the answer sought. 

We shall call this the Common Third Term. 

III. The other terms go in couples, two of a kind. 



TO SOLTE ANT COMPOUND PROPORTION QDEBTION. 

The method of working out Compound Proportion i» 
merely an extension of that for Simple Proportion. j^^H 



BOLTTTION OP COMPOUND PROPORTIONS. 845 

First. Write the question in an abbreviated form. 

See Examples worked oat. 

Second. State the Proportion, thus : 

a. iJ^nclose, in four vertical braces, two columns, the 
left-band one for tbe set of first terms, and the 
otber for tbe set of second terms. 

b. Write signs of Proportion and of Multiplication 
as in Examples worked out. 

c. Put the odd term (which is like tbe answer sought) 
as Common Third Term. 

d. Take first couple of like terms, and, disregarding 
the other couples, consider these two terms in 
connection with tbe Common Third, and state as 
in Simple Proportion. 

e. Proceed similarly with each of the remaining 
couples. 

Third. Work /or the result, 

a. Cancel Common Factors in firsts and common 
third, and in firsts and seconds. 

b. Multiply Common Third by continued product of 
all the seconds remaining after cancelling, and 
Divide by continued product of all the remaining 
firsts. 

Note. If any of the terms be compound, perform the necessary 
reduction before stating. See second example worked out. 

First Example worked out. No reduction 
NECESSARY. If 37* men, in 27' days, of 10- hours each, 
build 15* sup. roods of a wall, 3* ft. thick, what area of 
a similar wall, but 2* ft. thick, will 74' such men build in 
63* days, of 12* hours each ? 

Abbreviated Question. 

men days ho. Toods ft. th. 

If 37- 27* 10- 15* 3- 

74* 63* 12* ? 2- 

7%e Statements, 

FiBST Couple. The two no8, of men. "Will 74* men build 
more or less than 37* men, other things remaining constant?*' 
««More.» 

••. Put ihe greater, {74* meUf) ieoond, A Direct Proportion, 
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Second Couplr. The two not. of dayt. "In 03- days will jiton 
or lean lia builttban in 37' days, other ibiDgs remuniDg 



,-. Put (he greata-, {G3' dvijs,) tecond. A Direct Proportion, 

THnm CocTLE. Tlie two lengths of day. "In a day of 13' 
houre, will more or leas be built iban in a day of 10' hours, oUier 
things remaining conslant!" " More." 

.*. Put the ffreatfr, (^12- home,) second. A Direct Proportoo. 

FoDBTB Couple. T^ two thiekneuti. "Will tlie saiae amoDot 
of Ubour coraplelB a greater or less Area of a wall 3- ft. thiok thui 
of one whioh is 3- ft. Ihick ? " " Greater." 

.-. Pul lAt ffrm/er, {S- ft.) ucond. An loTerse PropB 

The Statimenli and Work. 



27- 



Without Cancelling. 
74-, 



Ab ■( X }• M X J- :: 15- 

"' 167832- 

19980')2S17480-{126- rooda" 

.a - f 19980 * 

Or,Asl9980-: 167832; 51948 u^/^T^'S^i; 

■ — _39960_thB pr^Bt. 

119880 n™».""^ 
119880'"° ■"■'"^'' 






3x7x6=126Tda. 



The "trftoing of the proooss" in BUch an example as thU is «• 
tremely iuteresdng. To do this clearly, it will be reqtiisilo to multi- 
ply the " Comraon Third Term" continually by the aeveral s< 
and then to divide tha product, couUnnally, by the several fl 



tl seco nd*. 
dflta^M 
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Thns: 

15' roods, d-ft. th., by 37*m., in 27d., of 10' ho. each. 
74- 

60-* 
1050-* 



IIIOt. d*ft th., by (74* times 87-}m., in 27d. of 10* ho. ea. 
63* 



8330-* 
66600-* 



69930T. 3-ft. th., by (74- 1. 37-)m., in (63- 1 27-)d. of 10- ho. ea. 
12' 



839160T. 3-ft. th., by (74-t.37-)m.,in (63-t.27-)d. of (12- 1 10-)ho. 
3- 



37)2517480t. 1-ft. th.,by (74- t.37-)m.,m (63- t.27-)d. of (12-t.l0-)ho. 

27 -jeioiOT. 1-ft. th., by 74-m., in (63- 1. 27-)d. of (12- 1. 10-)ho. 

10-)2520t. 1-ft. th., by 74-m., in 03- d. of (12- 1. 10-)ho. 

2)252r. 1-ft. th., by 74-m., in 63- d., of 12- ho. 

126 r. 2ft. th., by 74-m., in 63- d., of 12- ho. 
"Which was to be foand. 

IV. 

The same example worked without reference to ratio. 
Area of wall built^ when 

ft. m. d. ho. roods 

3- th., by 87-, in 27- of 10- = 16- =A. 

ft. m. d. ho. o . A '• 

X- th., by 37-, in 27- of 10- = 3tA. = l5-X3' =B. 

r. 
ft. m. d. ho. -_, IS'VS* 

1th., by l-,in27-ofl0.=^^^fB. =-^ =C. 

r. 
ft. m. d. ho. -^ 15.x 8- ^ 

1-th., by l-,in l-oflO- = i?tofC.=.^^;^ =D. 

, r. 

ft;. m. d. bo. 15* X 3* 

1-th., by 1-, in. 1- of 1. =i Tft^of D. = 37.^27x10- "^^^ 

. r. 

ft;. m. d. ho. 15* V 8*V74' 

1- th.. by 74-. in 1- of 1 = 74- 1 E.=-A^^^ =F. 

- , r. 

ft;. m. d. ho. 1ft*v8*V74*V68* 

1- th.. by 74-. in 68- of 1 = 63- 1. F. ' ^^^^q. =G- 



* The explanations of these iDtermediate lines an omitted for the aToid- 
ance of ooiuasion. 
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r. 



1- th.. by 74-. in 63- of 1^-= 12- 1. G. =">l!rlf X^JX^^^H. 



37-Xa7-X lo- 



ft. 



m. 



d. 



ho. 



r. 



= 126- roods, as before, by Compound ProportioiL 



Second Example wobkbd out. Reduction bs- 
QuiBED BEFOBE STATING. If the cost of excavating 
a rectangular ditch, 95* ft. 3* in. long, 6* ft. 9* in. wide, 
and 6* ft. deep, be £5' 19*8. Oj-d., what value of laboar 
will be expended in digging another such trench, in 
similar ground, but 81* ft. 9* in. long, by 5* ft. 9* in. broad, 
and 4' ft. 3* in. deep ? 

Here, all the seven terms will require to be reduced before tbe 
work can be commenced. 

It happens, in the present example, that all the six given tennf 
of Uneal measure can be reduced to quarter-feet. 



Abbreviated Question ; before redttcinff the terms. 

ft. in. ft in. ft. in. £ & d. 

If 95* 3* (long) ... 6* 9- (wide) ... 6* 0- (deep) ... 5" 19* Of 
81* 9* „ ...5*9- „ ...4- 3- „ ..* \ 



Abbreviated Question ; after reducing the terms. 

qr-ft. qr-ft. qr-ft. farthings. 

If 381- (long) 27* (wide) 24* (deep) 5715* 



327- 



>» 



. • . . 2o' 



99 



17" 



» 



As 



Statements and Work, 



381*] 




r327-\ 


X 


X 1 


27*1 : -j 23*^ 


X 


X 


24-j 


1 1 


I 17-j 






farthings 

5715- 



X. 



109 



farthings 



. J??|^-far.x^;^i?-x23-xl7 - 213095- -3. , », , ^ 
tap 3- 
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EXERCISE CXX. 

EXAMPLES IN COMPOUND PBOPOBTION, OE DOUBLE 

BULE OF THBEE. 

Work each example tn two ways : 

I. By Compound Proportion, 

n. By Multiplication and Division, without reference to Ratio: 
explaining every line. 

m. Resolve ea^h question into the several Simple Proportion ques- 
tions of which it is composed. See Pages 843* and 344*. 

A. 
1* If JS28* will pay for the board of 16* persons for 7* weeks, for 

how many will jE89' pay for 4* weeks ? 
2* Calculating that 16* horses plough 128* acres in 8* days, in 

what time will 14* horses plough 56* acres? 
8* How many loaves will suffice 19* people for 28* days, supposing 

that 34* persons, in 6* days, will consume 51* such loaves ? 
4' Granting that a man can walk 315* miles in 14* days of 9* hours 
each, in how many such days will he go 160* miles, allowing 
himself one hour per day for repose ? 
5* If 68* cwt. be carried J 9* miles for 4's. 6'd., how far should 57* 

cwt. be conveyed for 8*s.? 
6' What number of loaves at lO'd. each, will serve 32* persons 
for 9' days, if 14* persons in 11* days require 55* loaves at 
7*d.? 
7* If 48' bushels of com last 15* horses for 18* days, for what 

length of time will 32* bushels suffice for 5* horses ? 
8* If jE14* be the cost of maintaining 8* boys for 7* weeks, what 

would 25' cost for 11* weeks ? 
9* How long could 300' soldiers be provisioned for j£577* 10*s., if 
• the keep of 114* for 19* days cost i;379* Is.? 
10' If J£48* pay for the board and lodging of 33* people for 16* 
days, what sum will defray the like expenses of 15* persons 
for 77- days ? 
11* How many loaves at 7*d. will serve 14* persons for 11* days, if 

48* loaves at 15'd. suffice sixteen persons for 18* days? 
12* If 39' horses can be maintained 28* days for £W lO's., how 

many can be supported 49' days for £14' ? 
13' In how many days vnll 32* horses plough 256* acres, working 
at the same rate as 7* horses which plough 28* acres in 
4* days ? 
14' A man, walking per day 8* hours incessantly, travels 160* miles 
in 8* days. How much longer must he walk per day, at the 
same rate of speed, to complete 630* miles in 28* days ? 
15* What is the price, each, of 90* loaves, which will provide 16* 
boys with the same daily allowance for 9* days, as 77* loaves 
at 5'd. would furnish to 7* boys for 22* days ? 
16* How many workmen will mow 128* acres in 8* days, when 21* 

can mow 84* acres in 4* days ? 
17' Supposing a man could walk 210* miles in 7* days of 9* hours 
each, how many hours per day might he allow himself to 

2 G 



so exAJiPLBS in coupouitd propobtioit. 

rest if lie wen reqaited to walk, U the same rate, oa\j H 

miles ID 1- such iiyi f 
I' For bow manj people will 3191 lb. of beef eerrs for 1]| Atjt, 

sappoEing that 34' coosiaine 1 03- lb. in 3' dajaf 
I' How man; people will con nnme twenty siglileenpeiuiy Iobtss id 

4- daj3, Kt the Bnme rate as 77' coDBome 35* elerenpeniiT 

loaves in two dnja t 
I' If 1!>' mrl. 3- qt. be oanied 1} miles for 1-a. I|d., bow i 

sbaold 14- Etrt. 1* qr. be corned for eigbteenpeaeeT 
.' If IS- men bj aicaiating &0- jards of trencbing in 13' itjt, 

earn 4-». per daj, in wbiit limo ought 24' excBvators to elui 

oat 45- jarda, each being paid 4-a. 6*d. per da; ? 
!■ If ill' 6b. 8-d. will maintain 0- people for Ifl- days, for whit 

length of lime will fS'J- lOs. paj the current expenses ef 

800' people ? 
I- Supposing that 110' loaves a( 3)d, be snffident tor 26' peraniu 

for Sj <lsfB, how long would 144' lo&Tes at Cb-d. last U' 

' Hnw much interest would £100* gain in r yew, at the wme 
rate that £\m- lO-s. gain £3' D's. 4|d. in 7- moatlisr 

•■ What wonld be the cost of digging a lr«nch SO' fL 3- in. long, 
O'ft. B'in, broad, and Sft. 3- in. deep, if another tMiMli,w 
similar ground, Dl-ft. 6- in, long, 7'ft. 3' in. broad, «tid4'lt 
B-in. deep, cost £2- lOa. B'd.T 

:■ If IB' men, by raising B130' Tons of ore. in 67' dajs, eorD 3'b. 
nd. per day, what would be a fair daily wage foe eaoh of KO' 
men, who should rase 2350- Tons in 24' days ? 

' Wiiat aiDOunt of Principal would gain ^t' 18-8. 9fd. rnteresl, 
in It months, if £27- 17-h. fld. in S- months, gain IS-s. 7d.? 

!■ It the keep of IB' harses, for flS' days, coat ^5- 4'a. 8-d. iben 
oats are at 19/ per quarter, what would it ooBt to aiatntun 
39- boTses for IS' daya, when oats are 93/4 per quarter! 

I- For what sum should S^* owt 3- qr. he oarried 14- miles, if 
31'cwt. a-qr. be conveyed 19' miles for 0-b, B'd,? 

I' What veighC should he oarried 13- miles for 4-s, 6'd., if 
lO'Cwt, S'qr. be carried SSj miles far lO's. l|d.? 

EXERCISE CXX. B. 
■ If IB' men mow 48' aeres in 4' days, how many acre* irill SO" 

!- Supposing aso- sheep can he pastured on 8' aorea of land, ft* 
3' weeks, how much land will be requisite for ISO' sheep lis 
ID* weeks ! 

I' If a trench aO'ft. 3-in. long, by n- ft. 9' in. wid^ and 3-11. 3'n. 
deep, cost in labour £1- I's, lljd., what will anoUier oolt 
which is 31- ft. 6- in. long, 7- ft. 3- in. wide, aad 4.- ft. t-in. 

L' The eicBvation of a trench 10' ehuins long, 4'9 ft. 'wide, ud 
4'5 ft. deep, cost £30' 6-fl., how many eliiuns in l^afflhar 
a similar trench lU'B links wide, and 7'fi f«et desp, ibonll 
bedugror£!Oa' l7'8.a*d.T 

i- If ft owt. be carried D4' miles for Sit., how fat will l{«wt.t« 
tranaported for £li ! 
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-6- Suppoaing that £103' lO's. gain £1' IBs. 9|d. in 4J months, in 

what time will £37- B-fl. 7'0. S'm. gain 18b, Td.T 
T- If 73' men complete a wall ISO' ft long, 10* i^ high, and l&'ia. 
thick, io S' da^B, and thus earn 9-s. 6-d. per d»j, bo* maeb 
per day would eaob of 16- men deserve, who sbonid build, 
in 7- days, a wall of aimilar material, but 320' fL long, 0- ft. 
high, and 20' inches thick? 
8- If 8' men earn 1-a. 6'd. per dsj each, bj completing in fl' daja, 
a wall 72' ft. long, 13' ft, B- in high, and 3' ft. 6- in. thick, 
I what length of wall, 11' ft. high, and 1} fl. thick, Bbould IB- 

^B> men bnild, in 10' dajs, so as to earn G's. Od. per daj each ? 

^■H- If IS- men, by digging a trench 190'fL 6'in. long, bj 13- ft. 
^^B wide, and B-ft. 6'in. deep, in 14- days, each earn fi-s. 
^^^ lljd. per day, in what time should 21- men complete on 

^B eicavadou 01- ft. 7' in. loog, 9- ft. wide, and S' ft. 8-in. deep, 

1.D earn 3's. 3id. per day, per man? 
10' If 21' men excavate a treucb Si)- ft. U' in. long, 12- feet wide, 
and 8' ft. B' in. deep, in 13- days, thusearoiDg each bs. lljd. 
par day, bow many meo should complele a trench -.271- fL 
9' in. long, B' ft. wide, and a- ft. ll> in. deep, in 6' days, to 
earn, per man, 3-3. Bid. per day f i 

11- If ^&- 1-s. 6'd, be the value of a log 67- ft 3- in. long, by 4- fL I 
lU' in. wide, and 1' ft. 10- in. thiek, what iK the length of « 1 
log of similar wood, whioh, being 6' ft. 9- in. wide, and 3- ft, 
3- in. thick, coats £1- I's. lljd, ? 
13' What length of embankment 9- ft. wide, and 3} ft. high, will cost 
£19- IS-a. in building, if T' chains long, 1- pole wide, and 
T- ft. 0- in. high, cost .£103- 17-e. 6'd.? 
13- It av-men, by building a wall 13'ft. long, OJ ft. high, and I- ft. 
il-in. thick, in 4' days, of 10- boura each, earn 4-b. 6'd. each, 
per day, how mach per day would each of 19- men earn, b; | 
building in S- days of IS' honrs each, a similar wall, 19- ft, I 
long, 7' ft. high, aod 2' ft. I- in. thick ? 

I' If a rectangular-sided block of sloue 9- ft. II- in. long, 3'ft. 3'in. 
wide, and 1-ft. 9-in. thick, can be quarried, dressed, and 
raised to B height of 99' ft., by 6' men, in 3' days of 10- 
hours, each man oarDing G's. 10-d. per day, what woold he a 
proportionate payment per day for eaab of fi' men, for like 
preparation and raifling to the height ef 13' ft in 4' days of 
B- houra, a blook 38- ft, 10' in. long, 3' ft, ID- in. wide, and j 
a-ft.3-in. thick? ' 

PEKCENTASE8.- 

The chief commeTcia] use of perceQtagea, or allowances 
upon the hundred, is to compute 

I. Conmussion, which ii a payment for disbursing, i 
ceiving. or remitting mone; for another person. 

ir. Brokerage, charge for baying ot selling goods, 
shares, &c., for another person. 
■^ III, Interest, payment for the loan of money. 
H 2 o 2 
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TV. Insurance Fremiom, previous payment for under- 
taking to replace loss by fire, shipwreck, &c., or to pay a 
certain sum at a person's dealh. 

The sum on which any one of the above narned per- 
centages is charged oi computed is called Principal. 

Any pereeotage is, evidenlly, equal to aa many one- 
hundrcth parts of the Principal as there are units in the 
Sate. Thus: 

l'peroent.= riaorP. = PXiiij(PRrN.iK.)=P.-j-100-tP: 
3-peioMH. = ,^ofK = P>:iaB =P.xa-rI0O' 



m^ 



To find any pereentntjo of a given Principal. 
Multiply Principal by Rate and Divide by 100- 
Or, (PaiNCiPLE xvtt.) Multiply Tioth part of Prin- 
cipal by the no, of units and parts of a unit in the Rate. 
Now, the one-baa dredtli part of any mimber iR fonnd bf remov- 
ing ils digits two places ta the right. Wlienoe the ordinary form 
of the mJe is 



1297- 



Which would be mora corracUj eipreased Ihns: 
Multiply by the no. of units and parts of a unit in the 
Rftle, and remove digits of Product two places to the 
right, or Bccimat Point two places to the left. 

IFiKsi Example -wokicbd out. Required the Com- 
raission or Brokerage on £648' 1 l-a. 8'd. at £2j per cent 
Example completed. 



• 11- 8- 

2^ units in Rate. 
4- 
2' 11- 



14-59 



d. 10'3 



• In abiding the two lines which priv 
dace (hie one we remove D.P. of poandf 
two places to the right, which is equiva- 
lent to dividing tbe poaods by lOO W« 
then reduae the decimal part to shiUingSi 
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Ans. £14- 11-s. lOid. fq. =^ of £648- lis. 8d. 

When the Hate is a convenient fraction of £100* we take the 
same fraction of the Principal, by one Division. 

Second Example woeked out. Find^the Interest 
on £6432' 13's. 9*d. for one year, at £5* per cent, per 
annum. 

Example completed. 

•. • £5- = ^ of £100- . •. Interest = A^ of Principa.. 

20 )6432' 18' 9' Principal. 

321- 12- 8t Interest at £5* per cent. 

Thibd Example worked out. What is the Com- 
mission on £5843' 15's. lO'd. at £i per cent. 

Example completed. 
'.' i of £1- =^-shs of £100- .'. Com. =tJv of P.= P.-r800' (Pb. xth.) 

800' )6843' 15' 10 ' Principal. 

7' 6' la Commission at £} per cent. 



EXERCISE CXXI. 
A. 
What 18 the Gommissiony or Brokerage^ or Interest for 
one 1/ear, or Insurance Fremiumy on 





£ 


8. 


d. 


£ 






£ 


8. 


d. 




1- 


1600- 


14' 


8' 


at 1' 


per cent 


7- 


464- 


8- 


6' 


at i p. c. 


2- 


3453- 


11' 


6' 


at 2* 


per cent 


8- 


954* 


15- 


0- 


at i p. c. 


3' 


7148- 


13- 


7- 


at 3- 


per cent. 


9' 


840- 


12' 


6- 


at i p. c. 


4- 


0463- 


16- 


6- 


at 4* 


per cent 


lo- 


593- 


7- 


6- 


at 1 p. c. 


6- 


3285- 


11- 


8' 


at 5' 


per cent. 


ll- 


942« 


17- 


6- 


at f p. c. 


6- 


1943- 


6' 


8- 


at 6- 


per cent. 


12- 


898' 


2- 


6- 


at 1 p. c. 



B. 

Find the Interest, for one year, on each of the following 
sums of Fvindpaly at each of the given rates per cent, 
pel' annum, 

VII. At £6i 

VIII. At £10- 



I. At £5- 

II. At £3- 

1- 3164- 15' 

2- 7395' 12' 

3- 9164- 7- 

4- 2943- 17- 



III. At £3t 

IV. At £Si 

d. 
0- 
6- 
6- 



6- 



6- 
6- 
7- 
8- 



£ 8. 

8562- 5- 
6758- 2- 
6185- 11- 
3416- 18- 
2 G 3 



V. At £4i 

VI. At £5f 

d. 

0- 9- 

6- 10- 

0- 11- 

9- 12- 



£ 8. 

9846' 13- 
8594- 12- 
5468- 3- 
3547' 8- 



d. 
6- 
6- 
9- 
9- 



354 INIZBEST FOB BXTB. BFBOIA^L BULE. 

To jind Interest for any nvmiher of years. 
Multiply Principal by Rate, and by number of years, 
and Divide by 100' 

The Amoaut is the sum of Principal and Interest. 

To Jind Intsreat ^or any anmher of days. 
For thi? purpose there is a neat little special rule, the 
ocigia and contrivance of which will be shewo by the 

FoDBTH GxAMPLB woBKED OUT. What is the Inteieat 
of £64B- 12a. 6d. for 49- days, at £5- per cent, per 

V rDt.of£100- for3e5-dfly3= £b- 

.-, lQl.of £!■ forSeS'daja = XiSb J| 

.-. Int. of £1- for 1-daj = £5- .|^| 

.-. int.ofi6ia'ia-s.6'd.cor i-d»r - ^"•^^' ''^'^ "•^- X "• ^^ 



■. Int.of i048'ia-».fl-d-ror 4e-darB==! 



i- la-s. 



Now, this Denominator, or DiTisor, (Pbikciple xt.) 36500", is 
" conilant," that is to aay, it must oocTU in srerj SQCli axanipl& 

And, 36&0U' ia a oonveuient DivJKor, iaasmueh as it requires as 
to divide only b; the number expressed )iy the three signiSouit 
figures (365), the two ciphers merely oausing the two rigbthand 
figiarea of Dividend to be "cut off," or, as we more oorrectlj sa;, 
rsmoiud two plaoes to Cbe right. (PamoipLB xxn.) 

Twioe 3B500-, or T.1000-, would, however, be a stUl more eon- 
venient DivUar, giving ua □□!; a number expressed by Uoo aignifi- 
eant figurea (73) to divide by. 

In order, then, (o secure this more convenient Divisor, oe 
double t^e constant Denominator 3SS00' in the above re^alt A; 
and, therefore, also double the numerator; (FaiNcrFUi xm;) wbiob 
last reduplication we effect by doubling the Bata. 



. Int. of 648- 12- 6- for 49' at fi' p. c, pr. an. 

£. a. i. q. 

= 4- 0- 7t Hi- 



648' 12- 6xl0- 
~ 73000- 

To find Simple Interest for any number of day». 
Multiply Principal by tnice the Kate, and by the nam' 
ber of daya, and divide by 73000- 

EXERCISE CXXI. C. 
Find Simple Interest and Amount of 
\- £3410- iH'B. O'd., 44 years, £&■ per cent., par annn 
3' £0000- 17>a, a-d., 7i years, £3^ p. c^ pr. an. 



] 
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8* £3484' 12*8. 6'd., 6f years, £H p. e., pr. an». 

4* £914* 5*8., 5* years and 2* months, £4^ p. 0., pr. an. 

S* £463- 10*8., 11* months, £7^^ p. 0., pr. an. 

6* je500* 12*8. 6*d., 18* mo., £3| p. c, pr. an. 

7* £7864* ll's. 9*d., 4* yrs. 5* mo., £4* 15*s. p. c, pr. an. 

8* £3000*, 7* years, 8* months, £8* 12*s. 6*d. p. c, pr. an. 

0* £1614- 10s., from June 24th, 1863*, to April 11th, 1864*, at 

£4' per cent., per annum.* 
10* £7368* 15*8., from Aug. I2ih, 1856*, to Midsummer, I860*, at 

£6* per cent., per annum.* 
11* £634* 3*fl. 4*c. 9*m., for 100* days, at £3} per eent., per annum. 
12* £748* 3c for 210* days, at £5| p. c, per an. 
13* £5643* 8'fl. 5*m., from Sep. 30tb to Deo. 12th, at £3| per cent, 
per annum.* 

00KP0T7NB INTEBEST. 

la calculating Compound Interest, the Amount, made 
up of Principal and Simple Interest, at the end of the 
first year,f becomes the Principal for the second year.f 
Simple Interest is calculated on this sum for the second 
year,t and the Amount at the end of that year,f is taken 
as Principal for the third year;f and so on. 

Fifth ExampiiE wobkbd out. Find Compound 
Interest and Amount of £648* 11*6. 8'd. for 3* years, at 
£5* per cent., per annum. 

I. When Interest is paid yearly. 

II. When Interest is paid half-yearly. 

Example completed. 

I. 

INTEBCST PAID YEABLT. 

At £5* per cent., per annum, 
1* year's Simple Interest := ^ of Principal. 

£. B. d. 
20*)648* 11* 8* = Principal, 1st year. 
32* 8* 7' =: Interest, 1st year. 

20*)681* 0* 3* = Principal, 2nd year. 
34* 1* Oti q. =a Interest, 2nd year* 

20-)7l6* 1* 3ff = Principal, 3rd year. 

35* 15* Of xfe = Interest, 8rd year. 

750*16* 3|^ = Amount in 3* yrs. Comp. Int. 

648* 11* 8* = Original Principal, to subtract. 

102* 4* 7|^ = Compownd Interest, in 8* yrs. an. payments. 

Note. — ^At £5* per cent., per annum, Compound Interest, paid 
annually, any Principal will double itself in 14^ years, nearly. 



* Include the last day, bat not the first. + Oi^other stipalated term. 



^Fase 


COMPOCBD IKTEaKST. ^H 




miBCIEST 

At £5- per 


z:7;::z: '^M 


^H Hslf-a-jear's Simple 


lute'rest = A °^' FnntapaL ^^H 


^H 40-)61S- I'i' 


8' = 




^H in- 4' 




Dterotit, lat half-jeBT. ^^^^| 


^m 40']eu4' 19- 


TT 


Priacipal, Sad hair-year. ^^H 


^H IS- 12- 


41 M- = 


iDleiest, Sod balf-year. ^^^H 


^H 1D')BH1- 8- 


tS = 


Principal, 3rd holf-yesi. ^^^^^^^| 


■ )T- 0- 


Srd hiilf-yMr.^^^^^^H 


■ io-)m- »■ 


"WHf 


FriQcipBl, 4th lialf-year^^^^^^^l 


^B 17' ft- 


a fsm = 


Interest, nh balI-,fam^^^^^^M 


^H 40-)TI0' 18- 


3 ^-ft = 


PriDcipal, 5th hulf-yeuT^^^^^H 


^K. IT- IT- 


11 mmi = 


lolerost, ftth half-yenr. ^^H 


^B irr)7as- le- 




Pcincipal, Olh balf-yeiir. ^^H 


^H IS' s- 




Interest, 6tli half-year. ^^H 


^M Tfia- 3 




AmouDt in 3- yrs. c. i. pd. half.ve^^H 


^H 046' 11 


B ■= 


Original Principal, to dednot ^^H 


H 103-11 


^mu%i = 


Camp. Int. 3' yrs. hf.-yrly. payracfl^H 


^^P COUFAKIBON OF CoMPODNS INTEREST PAID HA^^^I 




TE4ELI 


AND TEABLY. ^^H 


^H 103- i 


''Di^rnKjIgg^ 


Comp. Int. paid yearly. ^^^H 


^H lOii- 4 


■ n AV = 


Comp. Inl. paid half-yearly. ^^^1 


^H 1- 


9timjm = 


Increase, by half-yearly pajmaffi^^^ 
B ADD COMPOTTND InTBBEBT. 


^H COUPABISON OF SlUF 


^H 


7i ^ = Compound lotcrest, Yearly pajmenls. 


^H 9T 


0- = Simi 


le Interest, for the 3- years. 


^M ~4^ 


lOJ i-o't = E«:e 


as of Comp. Interest, paid yearly. 


H 103- '"■ Si.^ = 


□omp. Interest, Half-yearly pajmenla. 


^H 07- 


a- 0- ~ 


Simple Interest. 

Bxcess of Comp. Int., paid half-jewl}. 


^1 


fl. ei,^S= 


^H Far othec methods, see " C 




EXERCISE CXXII. ^^B 




ExAMPLEa IN 


Compound Intbbbst. ^^^ 


H /'.'n^ f^ 


B Amount, at Compound Interest, of each of tht 


^V foUowtng 


sums; the Intm 


est being paid and made Prineipat 


^ ^Mr/y. 




■i 
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1* j£350* for 2* years, at j£5* per cent, per aDnum. 
2* jg400' for 3* years, at £4t' per o^it., per annum. 
8* j£564* for 4* years, at £2' per cent, per annum. 
4* £945' for 4* years, at £1' per cent., per annum. 
5' <£763' for 5* years, at £S^ per cent, per annum. 
6* £695* 10*s. f6r 5* years, at ^£3' per cent., per annum. 
7* jE49* 15*s. for 4* years, at £2| per cent, per annum. 
8* j£685* 2*s. 6*d. for 4| years, at £6* per cent, per annum. 
9* £836* 17*s.'6*d. for Sf years, at £7^ per cent, per annum. 
10* £1000* for 7* years, at £5* per cent, per annum. 

B 
!• What would £1300* amount to, in 3* years, at £4* per cent, per 

an.. Compound Interest, paid half-yearly? 
2* Find amount of £15000-, in one year, at £10* per cent, per an., 

Comp. Int, paid quarterly. 
3* Required the amount of £1000- at the end of 3i years, at £4* 

per cent, per an., Comp. Int, paid half-yearly. 
4* Find the Compound Interest of £7000* for three years, half- 

yearly payments, at £10* per cent, per an. 
5* What would £3000* amount to in 8* years, at £5* per cent, per 
annum, Compound Interest, computing 
I. Annual payments ? 
n. Half-yearly payments ? 
ni. Quarterly payments ? 

Simple Intebest by Decimals. 

Hundredth parts being Decimal Fractions, per centages 
can be conveniently worked out by decimal methods. 
For, Interest of £!• for l* year. 



£ £ 


£ £ 


£ £ 


At 1- per cent. *= "01 


At 1 p. c. =3 -005 


At ]| p. c. =:*015 


At 2* per cent == *02 


At 4 p. c. = *0026 


At J i p. c. = -0126 


At 3* per cent =: *003 


At } p. c. = 0075 


At 3f p. c. = -0876 
At 6i p. c. = *05125 


At 4* per cent. = -004 


Atlp. c.s=:*00125 


&o. &o. 


&c, &o. 


(fee. &e. 



To express the Simple Interest of £,\* for one year^ in 
the Decimal form. 

Divide Rate by 100- 

This is most oonyeniently done by first reducing Bate to the deci- 
mal form, and then removing every digit two places to the right. 
Pbin. xrt. 

Sixth Example wobked out. Express, in the deci- 
mal form, the Interest of £1* for 1* year at £i, at £2f, 
and at £6^ per cent, per annum. 

I. 
At £f per cent, per annum. 

Bate, or Int of £100* for !• year=£f =a£*625 

Int of £1* for 1- year «= liij of ]^ «. £00625 
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II. 

At £2f per cent., per annum. 
Rate, or Int. of £lfK)- for 1- year = £2f = £2-376 

Int of £!• for 1- year =Tfc of Bate = £-02375 

III. 
At £6^^ per cent., per annum. 
Bate, or Int of £100- for 1- year= £6^ »£6-25 

Int of £1' for i* year =t^ of Bate »£-0625 

To fitid^ hy Decimals, the Simple Interest of any Prin- 
cipal, for any number of years, at any Rats per cent., per 
annum. 

First. Express, decimally, Interest of £1' for 1* year 
at given Rate. 

Second. Midtiply by No. of years, and by No. of pounds 
in Principal. 

The student will notice that the main difference between this 
method of finding Interest, and the former one is, that here 
dividing hy 100- is the first step in the process, and there it is 
the last 

Seventh Example wobked out. Calculate the 
Simple Interest and Amount of £3428* I5*s. for 4^ years 
at £3} per cent, per annum. 

Example completed. 

I. 

s. 

-0375 = Int of £1* for 1* year, at £8$ p. o. pr. an. 

4'5 = No. of years. 

•01876 = Int of £1- for i year. 

•15 = Int of £1- for 4* years. 

•16875 r» Int of £1- for 4^ years. 

8488-5 a= No. of £. in Principal. 

•084375 = Int of lO^s. or £-5 for 4^ years. 

1-35 = Int of 8- for 4} years. 

8-376 = Int of 20- for 4| years. 

67-5 » Int of 400- for 4j years. 

506-85 = Int of 3000- for 4| years, 

£578-559375 « Int of £3428*5 for 4} years. 
20; 

s. 11-1875 
12- 

d. 2-25 
4- 

£. a. yean. M. A. u. d. 

Interest of 8428- 10- for 4i at 3i p. o., pr. an. = 578- 11- 2{ 

Principal =r 3428- 10- 0- 

Amount =4007- 1- 2i 
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II. 
Or thus: by way of proof. 

34-285 =Int. of 8428- 16- for 1- at !• p. c, pr. an. 

2 -)308-565 «Int. of 3428- 10- for 9- at 1- p. c, pr. an. 
4) 154-2825 «Int of 8428- 10- for 4J at 1- p. c, pr. an. 



4- 



61713 = Int. of 3428- 10- for 4^ at 4- p. c, pr. an. 
38-570625 = Int of 3428- 10- for 4} at i p. c, pr. an. 

£ 578-659375 =Int of 3428- lO- for 4 J at 3f p. c, pr. an. 

EXERCISE CXXIir. 
Findj hy the Decimal method, the Simple Interest of 

£m 8. d. A 

1. 943- 10- 0- for 7- years, at £5* per cent, per annum. 

2- 6148- 5- 0- „ 4i yrs, at £2^ „ „ „ 

8- 9014- 7- 6- „ 8i yrs, at £li „ „ „ 

4- 6359- 12- 6- „ 2i yrs, at £3| „ „ „ 

6- 763- 15- 0- „ 5- yrs, at £7j ,; „ „ 

6' 548- 2- 6- „ 6- mo. at £2- „ „ „ 

£, fl. c. m. B. 

1- 345* 6' 9* 8* for 14* years, at £4* per cent, per annnm. 

2- 1432- 7- 8- 3- „ 10- years, at £3- „ „ „ „ 

3- 769- 3- 0- 2- „ 9- years, at £2} „ „ „ „ 

4- 64- 0- 1- 5- „ 7i years, at £1* „ „ „ „ 
5* 305' r 3' 5' „ 9' mo. at £5| „ n n n 

COMPOUKD IkTEBEST BY DECIMALS. 

If the Rate be £5* per cent., per annum, then £-05 
will be the Simple Interest of £1* for the first year, and 
£1*05 will be the Amount of £1* at the end of that year: 
= £1- X 1-05. 

And this Amount, (£1*05,) being taken as Principal 
for the 2nd year, the Simple Interest on it will be *05 of 
£105 =£1 05 X 05 (Principle ix.) 

And the Amount of £1*05 at the end of the 2nd year 
will be 105 of £105 «= £105 X 1*05 = l-05» see 
Involution, Page 53* 

Hence, Amount, at Compound Interest, £5* per cent., 
per annum, of 

£1- at end of 1st year = £]• X1'05 = £1-06 = P. for 2nd yr. 
£!• at end of 2nd year = £1*05 Xl*06 = £1'05» = P. for 3rd yr. 
£1- at end of 3rd year = £1'05«X 1*05 — £1'05* = P. for 4th yr. 
£1- at end of 4th year = £l-058X 1'05 = £1«06* = P- for 5th yr. 
Ao* &e, &e» 
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Similarly, Amount of £1 ', Compound Interest, at end of 





At £1- p. 0. 


At £i- p. e. 


At£Sip. 0. 


lat year, 


£1'01 


£1-03 


fi-oaa 


and jew, 


£fm« 


fii'oa" 


£1-030' 


Srd jew. 


£l'Ol» 


£i-m' 


£1-035" 


4* year, 


fl-01* 


£ioa* 


fl-035* 


6lh year. 


£1-01' 


£l-03> 


£1-036* 


*c 


*c. 


&D. 


M. 



U £1S p, c 
£1(1175 
£1-0170' 
£l-tU7B» 
£1'(MTB' 
j&l-n47S» 



To find Amount of £\' fir any no. of yeart, at C<m- 
pmuid Interest. , ,;, r 

First. Express, In the Decimal form, the Amoilnt of 
£i' for 1' year at given Rale. '' ' 

Second, Raise this Amonnt to that Power of whtcb the 
Index is equal to the number of years. See Intolu- 
TION; Page 53' 

Xhen, v Amoiint of £1' for 5- years at £i- p. c. = I-Oic 

Amount of £3' „ „ „ „ „ = 1'04'Xfi' 

Amount of £8' „ „ „ „ „ = 1-04SX3' 



To find Anwuvt of any Principal for any na of years, 
at Compotmd Interett. 

First. Find the Amonnt of £1' (as above) for given 
no. of years, at given Rate. 

Second. Multiply this Amount by no. of £. in Principal. 

If P represent Principal; A the Arnuunt; B the Interest of XI- 
for one year; and it, Ibe no. of years; then this rule will b 
cisely expressed tbus; 

A = P X (1 + R)" 

EXERCISE CXXIV. __^_ 

Find, by the Decimal method, the Amount, at Compemi^ 
Interett, of each of the following Sums. 



Annual payments. 



I- 460- i8' G' for 4* years, at &' per cent, per aunum^i 

a- 3645- T" 0' for 3' years, at 4' per cent, per 

3- 736a- 10- 0- for 0' yesre, at 3J per oenU per 

4- 41&- a- e- tor 4- years, at «■ per cent, per 
6' BOS- 16- 0- for 2- years, at 3J per cent, per 
S' 6148' IT' 0' for e- years, at 4^ per cent, per 
7' B4ie- S- 0" for 0- years, at 7- per 



oomi4 
■■III 

1 



8- 5418- 0' 0- for 7- 
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B. 

!• £1500* for 3* years, at £6* p. c, pr. an. half yearly payments. 
Here will be six payments, at £'ii per cent 
Amount = l-026« XI 500- 

2* £7648- for 2i years, at £4j p. c, pr. an., quarterly payments. 

3- £4184' at £3' pr. cent, pr. an., half-yearly, for 4- years. 

4- ^£8413- at £2' pr. cent, pr. an., paid quarterly, for 3- years. 
6- £3216- for 4j years, half-yearly, at £2J pf. cent, pr. annum. 

DISCOUNT. 

Discount is an allowance made for paying a debt before 
it is due. 

Present Worth is that which remains to be paid after 
deducting Discount from the debt. 

Discount = Interest on Present Worth, 

Thus; If £105' be due one year hence, and Interest be at the 
rate of £5* per cent., per annum, present worth of £105- would 
be £100-, and Discount £5* For, £100- in one year, would gain 
£5*, and would thus amount, at the year's end, to £105*, which is 
the sum then due, and fur which, therefore, a present payment of 
£100* is equivalent 

A Bill of Exchange or Promissory Note is a written 
engagement to pay the sum of money named thereon, 
either " on demand," or at a stated time " after date,'* or 
(if sent from abroad) " after sight " of the document. 

A great part of Banking business consists in " discounting" such 
drafts; that is to say, advancing cash on them before they fall due. 

Three *^day8 of grace** are added to the time of a Bill of Ex- 
change or Promissory Note. So that, for example, one dated June 
2nd, and drawn for one month, would not be presented for redemp- 
tion until July 5th, unless that day should be Sunday, in which 
case the bill would fall due on the Saturday, one of the " days of 
grace" being thus lost. 

When Bankers advance cash on Bills of Exchange or 

Promissorv Notes, it is their custom to deduct the Interest 

of the debt, instead of the true Discount, This practice 

is to the advantage of the Bankers. 

For, supposing the Bill or Note to promise payment of £405* at 
the end of 3* months. Interest being at £5* per cent., per annum. 
Then, Discount on £405- = £5- and Present Worth = £400- For 
£400' in 3' months, would gain the £5* necessary to make up £405* 
at the end of that time. But the Banker would withhold 

£. 8. d. 

Interest on £405* for 3* months = 5* 1* 3- 

Instead of Disct. on £405' for 3' months = 5- 0* 0- 

Gain to Banker = 1-3* 

2 H """"""""^ 
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HBTHOD OF FINDING TRITE DISCOUNT. 

We shall deduce the rule for finding true Discodiit 
from the following two 

Examples worked out. Find the true Discount, 
and the Present Worth of 

I. £476* due one year hence; Int. at £5* pr. c, pr. an. 
II. £1000' due 4- months hence, at £3J- p. c, pr. an. • 

Examples completed. 

I. 

At £5* p. c, pr. an., £100* in I* year, will amount to £105* 

.'. Discount on £105* due 1* year hence = £5* 

£5 
Discount on £1* n „ >, n *~ 



105 

Discount on £476* „ „ „ „ = jf^]^^^^' ' 
= £22* 13*8. 4*d. 
Present Worths £476- — £22- 13-s. 4-d. =£453- 6*8. 8-d. 

II. 
At £3} p. c, pr. an., £100* in 4* months, will amount to £101^ 
.'. Discount on £101}, due 4' mo. hence, ^^£1} 
Discount on £1- „ „ „ „ ^^«^ 

Discount on £1000- „ „ „ „ ^^7* X 1000* 

607* 

= ^£11* 10*8. 7K ji^. 

Present Worth = £1000* — Discount = £988* lO-s. 4jd. ^f^. 
Here, we note that 

I. Interest on £100* = Discount on Amount of £100* 
II. Discount on £1* = Int. on £100* -^ Amt. of £100* 

To find true Discount on any debt. 

First. Find Interest and Amount of £100* for given 
time, at given rate. 

Second. Divide the first of these by the second. 

This will give Discount on £1* 
Third. Multiply by number of £. in the debt. 

To find Present Worth, 
Subtract Discount from debt. 

The above rules are usually given as two Proportions: thus: 
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For the Discooot, say 
As {AnU. of £100') : {Int. of £100-) ::{Deht) : {luDuct) 

For the Present Worth, say 
As {AnU, of £100') : (£100) : : {Debt) : {Its Present Worth.) 

EXEBCISE CXXV. 
▲. 

Find Discount and present Worth of 

£ 8. d. £ 

V 247' 12' 6* dae 2* years hence, at 2^^ p. o., pr. an. 

2- 633* 9- 3- „ 6' months „ at 4- „ „ „ „ 

3- 1835- 6* 7* „ 3* months „ at 3' „ „ „ „ 
4' 1879' 6* 7i „ 2* months „ at 6' „ „ „ „ 
5*1108*18' 2| „ 5'yearsll*mths. „ at 5* „„ „ „ 
6- 514*12*10} „ 2*y8ar8 5*mth8.„ at4i„„ „ „ 
7* 77* 12- 10- „ 8* months „ at 4* „ „ „ „ 
8* 692' 16* 3* „ 75* days „ at 6- „ „ „ „ 
9* 378* 17' llj „ 9* months „ at 3J „ „ „ „ 

10* 350* 12* 6* due Feb. 15th, 1865*, bat paid Apnl 22nd, 1864-, 
at £3* per cent., per annum. 

B. 
Ascertain hy how much like Simple Interest exceeds the 
Discount on 

1* £195* S'sf, due at the end of 2| years, at £2* p. c, pr. an. 

2* £1254' 10*s« 6*d., due 3* mo. hence, at £4* p. c, pr. an. 

3* £924' 9's. ll'd., paid at Midsummer, instead of at the follow- 
ing Christmas, at £3* p. c, pr. an. 

4' £3743* 0*8. 7id., paid one month before due, at £5* p. c, pr. an. 

5* £1964' 13's. 2^. prepaid 5* yrs. 11' mo., at £2} p. c, pr. an. 

6* £232* 18'S. 6'd., due 8* mo. hence, at £4* p. c, pr. an. 

7* £978- 1 6*s. 2|d., dae Lady Bay, 1866*, bat paid Christmas, 1863% 
at £2' 8's. 4*d. p. c, pr. an. 

8' Find by how much the Banker's Biscoant exceeds the true 
Discount on a bill of exchange, for iS806* 8*s. payable 4* 
months after date, drawn March Ist, and cashed April 
22Dd, reckoning Interest at £4* per cent., per annum. 

9* Und the same, on a bill for £4044* payable 8* months after 
date, drawn Feb. 5th, 1864*, and discounted Feb. 24th. 
Interest at £!bi per cent., per annum. 

STOCKS, OB THE FUNDS. 

The British Government has, from time to time, during 
the last 200' years, borrowed of the people large sums of 
money,* which still remain unpaid, and constitute " The 

* The English National Debt dates no farther back than 1688* At the com. 
menoement of the Bevolation the poblio debt was less than one million; 
daring the reign of William III. It was aagmented to ;£15,*000y000' When 
George the First came to the throne, it had reached ;£M;000,000* He and his 
soooassor redaoed the deM» bat si the oatset of the ijnerioan war in 1775* 

2 H 2 
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National Dkbt," usually called "The Fukdh," or "Thb 
Stuuks :" of whicli the Interest is regululf puid by the 
Government, aud absorbs a large portion of tbo taxes.* 

The original lenders of much of this debt being long 
since dead, their rights, as creditors of the Ooveroment. 
have, either by inheritance or by purchase, passed into 
the hands of other pereons. For, a creditor of the nation 
who desires to recover his capitftl can only do so by sell- 
lug his ri^t to it The purcbaaer then assumes tiie 
seller's position as a public creditor to that amount. 

The "Price of the Funds" at any given time, ia the 
sum then obtainable for the right to £100- of the Na- 
tional Debt This price, from many causes, is continually 
fluotaating.t 

The value or tlie Funds, et any tnomenC, depends principall; on 
lliB Rate of Interest nliiob there ia then a prospect, of oblainmg 
bj' other iDvestmenu oi emplajmeDts of raonej. 

Suppose, for example, £3' per cent., per nnnuni, T^e the highest 
laterest that a capitalist could obtain b; leoiiing his monef fbr 
emploTment in an; comoieraial enterprise. Tfaeo, since InterBBt 
measaras the value of money, and, since £100- of the "Three par 
cent., Consols" would, at such a time, ha us productire of latenst 
as ^lUO- elaevhere employed, £100' of that kind of Sioulc nould ba 
worth £im- in cash.} At sucli a titne, " The Fund* ore fl( Par.' 

If, however, uot so ranch latereat could he obtained elsewhere, 
Bi on the N. D. then, ^EIDO' of thai debt, being productive of more 
1 iiteresl Lbaa £100' otherwise employed, would be worth more Ihui 
£100' in money. " The Fundi would ba at a Premium." 

These two cases very rarely occur. 

When, OH is most frequently the case, more Interest than is pud 
on the N. D. con bs obtained elsewhere, then, £10U' of the N. D„ 
not prodacing so much Interest as £11)0' otherwise invested, are 
worth less than £100- in cash. " The Fjmda are at a Diseaunt." 
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PLUOTUATIONS OF THE FUNDS. S65 

Now, it is the prospect or presence of war, scarcity, or other 
calamity, that mdces capitalists unwilling to risk their money 
in commercial enterprise^ nnless induced to do so by a high Bate 
of Interest. Hezice, (as that paid on the N. B. dioes not vary,) 
when times or prospects are bad. The price of the Funds declinet. 

On Uie other hand, when poblic afDenrs and private bosiness are 
in a prosperons or a hopeful condition, money is more freely em- 
ployed, the geDeral Bate of Interest Uierefore declines, and The 
price of the Fundi adoances. 

It is now seen how good news elevates The Funds^ and 
bad news depresses them. 

And, hence, the price of The Fonda has become a sort of com- 
mereifLl pulse, which is watched and studied as an index of the 
feeling and opinion of men of business as to public events and 
prospects. 

Calculations in Stocks require no special rule, being 
effected by the application of processes already eluci- 
dated.* 

It is to be noted that the Broker's Commission for buying or 
selling is £1 or 2*8; 0*d. per cent, on the nominal amount of stock 
bought or sold. In all the following questions this Commission 
wiU be included in the quoted price. 

First Example worked out. What amount will pur- 
chase £4500- in the £3* per centa, at £92*1 

Example completed. 
I. 

Cost of a nommal £100' = £92- 
Cost of,, „ ^1- = ^! 

Costof,, „ M500'=.^?:^^'^^i\o^ 

II. 

Or thus, by a Simple Proportion. 

Abbreviated Question, 

If 100- (nominal) .... 92* (money.) 
4500- „ 1 

Statement and Result 

£ £ £ £ 

As 100* (stock) : 4600* (stock) :: 92' (money) : 4140* (money) 

Second Example worked out. What nominal amount 
in the £4' per cent&, at £93*, can be purchased for £3534* 
in" money? 

* See, however, page 370* 

2 H 3 
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Example completed. 
I. 

Nominal Amonnt bought for 93' (money)»100' 

« M 9} ior*i „ '^"go 

f^^ roRQ^. 100X3534- £ 
» w » for £3534- „ = ^3. ==380Q- 

n. 
Or thus, by a Simple Proportion. 

Abbreviated Question. 
If 93- (money) . . . . . 100- (stock) 

Statement and Remit. 
£ £ £ £ 

As 93* (money) : 3534* (money) :; 100- (stock) : 3800' (stock) 

Third Example worked out. What is the price, per 
cent., of that Stock of which £1050- are worth £1008' 
in cash ? 

Example completed. 

£ £ 

Price of 1050- (stock) = 1008- (money) 
Price of £1- -^^^^^ 

I'nceot i,l „ -~jggg „ 

Price of £100- „ = j^g^^ = 96- 

II. 
Or thos, by a Simple Proportion. 

Abbreviated Question. 

£ £ 

If 1050- (stock) 1008- (cash) 

100- (stock) ? 

Statement and Result 

£ £ £ £ 

As 1050- (stock) : 100- (stock) :: 1008- (cash) : 96- (cash) 

Fourth Example worked out. What annual income 
accrues from £3000* invested in the £3* per centa, at 
475-? 
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Example oompleted. 

L 

•.• Every £76- of the £3000- will buy a nominal £100* of stock. 

.*. From eveiy £75* inyested, the annual income is £3' 

£ 3 

From every £1* invested, „ „ „ ;— 

Fro^. ^3000- invested, „ „ „^?2<^^^|^. 

II. 

Or thus, by a Simple Proportion. 
Abbreviated Question. 

£ £ 

If 75- (invested) 3* (annual income) 

3000- (invested) ,. 1 

Statement and Resvlt 

£ £ £ £ 

As 75* (inv.) : 3000' (inv.) : : 3* (ann. inc.) : 120* (ann. inc.) 

Or thus, mentally. 

Annual Income = As many times £3* as there are seventy- 
fives in 3000* (or twenty-fives in 1000*) 
= 40- times £3- 
= £120- 

Fifth Example worked out. If I buy into the £3^ 
per centa, at £87^ nett, what rate of Interest shall I 
receive on the money which I invest 1 

Example completed. 

I. 
Interest on £87^ invested = £3^ 



Interest on £!• invested = 



_ £3J _^ £7 



87J 175 



£7' 
Interest per cent, on invest = —-^ x 100' = £4* percent. 

n. 
Or thus, by a Simple Proportion. 

Abbreviated Question, 

£ £ 

If 87^ (Principal) produce 3j. (ami. Int) 
100- 1 
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Statement and Remit. 

£ £ £ £ 

As 87 J (Prin. inv.) ; 100- (Prin. !»▼.) :; 3i (an. Int*) i 4' (an. Int.) 

PROOF. 

An. Int of X87i at £4- ) 875 x 04 = 3*5 or 3}. , 
per cent, per annum. J • 

Sixth Example worked out. Supposing the current 
price of any species of Stock to depend solely on the 
Rate of Interest obtainable at the same time elsewhere, 
what would the £^ per cents be worth, if the genei^ 
Interest of money were £5* per cent per annum) 

The question amounts to this : " What Principal wiB 
produce £3f annual Interest, at £5* pei;* cent per i^- 
num?" 

Example completed. 

L 

Prin. to gain £5' Annual Interest = £100*^ ' 

£1- „ „ = £100- -r- 5- =£20- 

£3} „ „ = £ 20-x3|-=*£75^ 






n. 

Or thus, by a Simple Froporticm. 

Abbremated Question, 

£ £ 

If 5" (an. Int.) accrue from 100' (Prin.) 

3f (an. Int.) 1 „ 

Statement and Result, 

£ £ £ £ 

As 5' (an. Int) : 3f (an. Int) :: 100- (Prin.) : 75- (Prin.) 

PROOF. 

Annual Interest on £75') A ^.^ «^^ * 
at ao* per cent., per an. ) * 

Seventh Example worked out. Which would be the 
more profitable investment^ the £3^ per cents., at £87 J, 
or the £4- per cents., at £92^ 1 

The question is: "Will a certain Principsd produce the 
greater Interest at £3^ for every £87^, or at £4- for 
every £92ir 
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Example completed. 
By the first investment : 

Interest on every J687| = 3J 
Interest on every £1* = -^ = ^— 

By the second investment : 

£ 

Interest on every £92^ = 4* 

£4 £8 
Interest on every £1- * _ = _ 

7 8 

We have now to compexe the two Fractions ~-^ and 



175 185 

7X185 ^ 1296 ^ 8 8X176 1400 

and 



176 176X186 176X186' """* 186 186X176 186X176 

Since, then, the latter of the two Fractions is greater 
than the former^ the second investment is the more 
profitable. 

Eighth Example worked out. What nominal amount 
in the £4* per cents., at £95* can be purchased by the 
proceeds of sale of £10000- of the £3| per cents., at 
£90-] 

Example completed. 

Every £100- sold produces £90- 
Every £100- bought costs £96- 

£10000- X 90- 



Proceeds of Sale 



100' 



XT I?*- niAA u ^4. £10000- X 90- 
No. of times £100- bought = — ----.j — ,,-_ 

^ 100- X 95- 

Nominal amount bought = ^ qk ^ 

£10000- X 90- ^,i„ 8. d. 
= ^. =9473-13-8,^ 

The same Example as an Inverse Proportion. If 
a certain sum of money will buy a nominal £10000- at 
£90- for every £100*, how much will the same amount 
buy, at £96- for every £100-? 

If, at 90- p. c . . . £10,000- are bought, 

at 95- p. c. ... 1 
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Statement and JRestdt 

, ^ , V ^ , , X * 10000-X90- 
As 95- (per 100) : 90* (per 100*) :: 10,000' : gg: 

The foregoing Examples comprise the principal varieties 
of question arising in the purchase and sale of Stocks; 
and^ from inspection of these^ short rules may be dedueed 
applicable to similar cases. 

L To find what Capital toiU pwchaae any nomincU 
Stock, 

Multiply Stock by Price, and Divide by 100' Ex. i. 

II. To find what nominal Stock any Capital will pur- 
chase. 

Multiply Capital by 100', and Divide by Price. Ex. n. 

III. To find the price of that Stock of which a given 
Capital will purchase a stated amownt 

Multiply Capital by 100*, and Divide by Stock Ex. iiL 

IV. To find gross annual income from any Capital 
invested^ at a stated price, in Stock producing a certain 
annual Interest 

Multiply Capital by Interest, and Divide by Price. 
Ex. IV. 

V. To find Rale of Interest obtained on Capital invested 
in Stock producing a certain annual InteresU 

Multiply Interest per cent of Stock by 100* and 
Divide by Price. Ex. v. 

VI. To find the natural value of any Stock; that is to 
say, its value compared mth other investments^ producing a 
stated Interest 

Multiply Interest of Stock by 100* and Divide by 
stated Interest of other investments. Ex. vl 

VII. To find which of two or more kinds of Stock is the 
more profitable Investment, 

Divide Interest of each kind of Stock by its Price. 
Compare the results (as Fractions). Ex. vii. 

VIII. To find what amount of one kind of Stock can be 
purchased by the proceeds of sale of another Stock, 

Multiply Stock sold by its Price and Divide by Price of 
/Stock bought. Ex. viii. 
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EXERCISE CXXVI. 



What amount 

1- il500* in 3* 
2* £1600- „ 3 
9' £r4my 

4- £3100 

5- £1280 
6* £1900- 

7- £4220- ^, 4i 

8- £2100- „ 4} 



9) 
» 

W 
99 



of Cash 

p. cents, 
p. cents, 
p. cents, 
p. cents, 
p. cents, 
p. cents, 
p. cents, 
p. cents. 



A. 

wiU purchase 



at 92-? 
Kt89«? 
at 75-? 
at 85-? 
at 86- ? 
at 98-? 
at 92-? 
at 84- ? 



9 
10 
11 
12 
18 
14 
15 
16 



£1050' in 
£2900- „ 
£8250- „ 
£4200- „ 
£2025- „ 
£1500- „ 
£4125- „ 
£0000- „ 



8' p. 
4' p. 
3 J p. 
4jp. 
4* p. 
3ip. 
3- p. 
4* p. 



cents, at 
cents, at 
cents, at 
cents, at 
cents, at 
cents, at 
cents, at 
cents, at 




What nominal amount of Stock can he bought 

I' For £8302- 8*8. at 86*? 

2- For £63418- 7-fl. 6c., at £92- 5-fl.? 

8- For £8474- I'S. 8-d., at £81 J? 

4- For £1355- 6fl. 2-c. 5-ra., at £90* 7-s. 6-d.? 

5- For £1837- 14-s. 6-d., at £91-6 ? 
6-. For £8397-5, at £76- 5fl.? 

7- For £3882- 4fl., at £92-? 

8- For £3664- 5-fl., at £87- 2-fl. 5'c.? 

9- For £1767- at £93-? 

10- For £11088- at £96-? 

11- For £870- at £90-? 

12- For £4419-1875, at £79-625 ? 

C. 
1* "What is the price of that Stock, of which £3100' cost £2635? 

2- What annual income will arise firom the inyestment of £7631* 

5-8. in the £3^ per cents., at £92|? 

3- What rate of Interest will accme on Capital invested in the 

£4- per cents., at £90* } 

4- When the general rate of Interest on loans is £5* per cent., 

per aunom, what is th^ natural price of the £3* per cents., 

Government securities ? 
5* If the natural price of the three-and-a-half per cents, he £110}, 

what is the current Interest of money? 
6* How much Capital must be invested in the £4} per cents., at 

£84*, to produce an annual income of £94* lO's.? 
7* At what price of the three-apd-a-halfs will £1132* 10*s. invested 

in them produce £52* 10-s. per annum ? 
8* What is the rate of Interest on that stock by investing in 

which, at £87^, £3664- 10-s. will produce £189* per annum ? 
9* Stock purchased at £75- made an annual return of £4- 13's. 4-d. 

on the Capital invested. What rate of Interest did that 

Stock bear ? 
10' The general rate of Interest being £64, the natural price of a 

certain Stock is £72* What-Interest is borne by that Stock? 
11* What rate of Interest is obtained on Capital by investing it in 

the £3- per cents, at £96*? 
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la- Whether of the two ia (hs more proBtabla inveatmeot, the 

three-and-a-hiiirH, Bl £TS-, or tha four per cents., at £00', and 

hj how much per cent, on the Capital invested ? 
13' ■Would the f3J per oenla, at £1)21, or the £3' per eents, ut £88', 

be the more profitable investment; and b; bow much pex 

cent, on Capital? 
14- Sold oat £Snou- or the £1- per pentn. at lOi; and invested the 

proceeds in tlie £1] per ceata, at £06' What nomiital 

amount of the latter atock wba purchased ? 
15' What alteration in annual income would result from Lhis 

transfer T 
16* How much Capital will porohiLse a suSieieut aiDOunt of the £31 

per cents at i;n5-to produce an annual return of £11)8- JO-a,? 
17' Wbnt rate percent, would that be on the Capital invested -' 

FSLI^OWSHIF, OB PABTNEKSHIP. 

Fellousliip or Partnership includes all qiiestioDs re- 
quiring the distribution of a, profit, a loss, or au ndditiotuJ 
outluy among partnera, in direct proportion to the respec- 
tive aniouutH of Capita! invested by each of them in the 
undertaking whence the said profit, loss, or neoessity for 
further expenditure, arises. It ia divided into two parts: 

I. Single or Simple Fellowship, or Fellowsbip with- 
out time ; where all the partners nre concerned for the 
same length of time. 

II. Doable, or Compoimd Pellawship, or Fellowship 
with time; where the several partners are associated, 
and their respective capitals employed, for different 
lengths of time. 

I( is evident that all Compound FeUowuhip queationB may be 
converted into Simple Fellowship ones, bj the parties elasing thwr 
Bccounte and starting anev whenever a partner enters or quita tfaa 
concern. And this would be Uie more natural mode of prooetj' 
and hence the more likely one lo be adopted in actual buainc 

Questions in Simple Fellowship merely reqni 
distribution of a stated sum into proportional [ 
process already fully explained on pages 168' and 159' 

First Example worked our. Simple Fellowship. 
Four persons associate to work a quarry ; A contributing 
towards the preliminary eipenses £1S0-, B £200', C £80- 
and D £70- These sums being disbursed. It ia agreed to 
eiipeud £2000' for machiueiy. How muoh sbgul^ nnrtj 
partuer pay 1 ^^H 



or quita tfaa 
proae«di|^^H 

•qniro^^^H 
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Example completed. 
Original Capital = £500', of which the portion contributed 

£ £ £ 

:. A must pay ^ of the 2000- or 600- 
B „ „ f of „ 2000- or 800- 
C „ n ^of „ 2000- or 320- 
I> » ,» ^of „ 2000- o r 280- 



By A =150- or ^ 
By B = 200- or | 
ByC= 80- or 3^ 
ByD= 70-or^ 



500- 2000' 



We might also say, if we preferred to work by " The 
Rule of Three," 

. / Whole ) f Each Part- \ J Whole Profit ) f That Part/s \ 
•^'l Capital) • t ner'sCap. f * ( Loss, or Out. f * iP.orL.orO.) 

In this example, then, the stateiQents of Proportion would be 

£ £ £ £ 

1st. As 500- : 150- : : 2000- : A's new contribn. or 600- 

2nd. As 500- : 200- : : 2000- : B's „ „ or 800- 

3rd. As 500- : 80- : : 2000- : C*s „ „ or 320- 

4th. As 500- : 70- : : 2000- : D's „ „ or 280- 

In reality, however, the property would be eonsidered as divided 
into Jifty shares, of which A would bold 15-, B 20% C 8% and D 7% 
and tben any Profit, Loss, or Additional Outlay would be also 
divided into fifty shares, of which there would be allotted to A 15*, 
to B 80% to G 8-, and to D 7- 

EXERCISE CXXVIL A. 

Examples in Simple Fellowship. 

1* Two men bought a house for ^450*, of which the one paid 
£200* and the other the remainder. Repairs being required 
to the amount of £72*, how much should eacli of them pay? 

2* A and B join in renting grazing ground for dCes* A fattens on 
it 180' sheep, and B 72* What should each pay of the rent? 

3* Divide £11' 9-8. Q^d, amongst three children, in proportion to 
their respeotive ages, which are &*, 7*, and 9* years. 

4' Four persons provide horses for a coach : A for 9* miles per 
day, B for 11* miles, C for 10* miles, and D for 6* Now A's 
fair share of the profits for one year was £84* l]*s. 9id. 
What were the shares of B, C, and D? 

5* A bankmpf 8 nett estate is worth £987* 1*8. 6'd. He owes to 
A £347* 8s.; to B X315-; to C £280* 14*s. 3*d.; to D £213* 
16-8. 6d.; to E £110* 3*s. 9-d.; to F £47* 15-8.; and to G 
£1* 13*8. 6'd. What should each creditor receive? 

6* Distribute £185* 5*8. 7^. into four parts, which shall be to 
each other in the ratios of i, i, i, and i. 

See Second Example worked out on Page 158* 

7* Divide £1* so that A shall get half as much as B ; C twice as 
much as A and B ; and D as mvoh as A and C. 

8' A testator, ill-versed in firactional Arithmetic, directed that his 

2 I 
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9' Apporeion £103- li. e|d. betwi 



ind C, 1 



> thai Ibt 
every £S' 



eyerj £S' received b^ A. B uhall g 
receiied bf B, C shall bave £0' 

10' Wood; fibre is composed ot 9- parts, bj^ weight, of Carbou, 9' 
of Oiygan gas, and |- of Hydrogen giks. What weight of 
BBch at those elementBiy suliatances is there in !■ OHt. 3*qr. 
2- lb. of woody fibre* 

11' The proceeds of a certaio charity, amounting to £18- 12-s. B-d., 
are to be diatrihutad among four indigent families, conaist- 
ing, respecUvelj, of 3', B-, T-, and II- members. What 
tbould each family receiie? 

13' The gross lalue of a ship and cargo naa £ISQaO-, of wbich 
only part wai insured; viz.: In one office, £2350'; in ■ 
second office, £1)^0': in a third, iUaO-; and in a fonnli. 
£1000' Meeting with disaatet, the ship and cargo incDned 
BUoh damage that the owner's portion of tbe loss amouuied 
lo £37B- U'H, lO'd. How much had each of the undec- 

IS- In the joiat stock of two partners, A invests £1- I5's. for every 
£!■ invested by B. What was tlie whole gain, if A's fsic 
share vaa £m- it. 01? 

14' Three persona fund .£2700- lo proaeonle a oenain undertaking, 
A putting in £l&00-, B £mfl; and G the remainder. The 
lattBr, however, coQtribQiing also hia skill and experience as 
manager of the afliir, ia allowed (or these 10- per cent of 
the groen profits, which were £SOI)' What should each re- 

CoiiPOUND Felio warns. 

In solving any (itiCBtion under this head, tbe amounts 
employed for different times tuust be reduced to the 
amouatB which would be their equivalents if all were 
employed for the same length of time. Tbe que&tioo will 
thus be converted into an example of Simple Fellowship. 

Sbcosd Example wobkbu out. A having oommenoed 
a buBinBHS with £300', is joined after 6- months by B 
with £700-, a month later by C with £600-, and at the 
end of the nest month by D, also with £500" At the 
dose of the first year, the nett profits are found to be 
a belongs to each partner 1 



£150- 6-8. 3-d. Whatportio 
Here A has in the busin 



& 200- for 13- months 
TOO- for 6- mouths 
£00' for 6- mouths 
500- for 4- moatha. * 1 



9 Iha value of money is measured by Ibe 1 



COMPOUND FELLOWSHIP. 375 

accrning on it, and since £200* in 12* months will gain only the 
same Interest as 12* times X'200' will in I* month, the inTOstments 
of the several partners are respectively equivalent to 
£ £ 

200- X 12- = 2400- fori- month 

700- X 6- = 4200- 

500- X, 5- = 2500- 

500- X 4- = 2000' 

Joint investments = £11100* for 1* month. 



» 


» 


n 


» 


>J 


w 



Then, by Simple Fellowship, or Distribution into Proportional 
parts : 

A's share of Gain = ^ of 150- 6- 3- = 33- 17* 1- 

B*8 „ ,» = ^ of 150- 6- 3- = 56- 17- 6- 

C's „ » = tVt of 150- 6- 3- = 27- 1- 8- 

D's „ '>y = ^ of 150- 6- 3- = 32- 10' 0* 

Whole gain = £150- 6- 3' 
EXERCISE CXXVIL B. 

Examples in Compound Fellowship. 

1* The grass of a field was hired jointly by 5* farmers. A put into 
it 14* oxen for 8* weeks; B, '^O* for 5* weeks; C, 10* for 6* 
weeks; and D, 17* for 4* weeks. What puriion of the rent 
should each pay?* 

2* Supposing C's fair share of the rent to be £11* 15*s., what would 
be due from each of the others ? * 

3* In their joint undertaking, A invested £500* for 9* months; B, 
jeeOO- for 7' months; C, £400- for 3 months; and D, £300 
for 5' months. Their ultimate nett gain was £965* 5*s. 6*d. 
Apportion it equitably.* 

4* A and B start a business with capitals in the ratio of 5* to 8', 
but at the end of 3* months, the former adds i to his previous 
investment. They share, as the first half-year's profits, £199' 
8*s. 8jd. How much falls to the lot of each ?* 

5* In a joint stock business, A, B, G, and D, (the only partners,) 
originally invest, respectively, £300-, £600*, £800-, and dB360-. 
At the end of 4* months, A increases his capital by £100*, 
and 3* months later by the same sum. B withdraws £100* at 
the end of the third month, but 2* months afterwards puts 
in £200*. At the commencement of the second half year, C 
adds £100 to his previously-invested capital, but, at the end 
of that month, withdraws £150*. D's original stock remains 
unaltered to the close of the seventh month, but he then 
augments it by £190' What part of the first year's gain or 
loss accrues to each of the four co-partners ? * 



* The examples thus marked are fair apeoimena of Compoand Fellowship, 
aa uaaally exemplified ia books of An thmetic. They all^^ho wever, presappose, 

2x2 
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0* A comnieDced a basiness vith £30tl-, Hnd vbs joined by B, witli 
£700', four moDtlm heFore the first divieion of praSts, and bj 
C, with £18*)', two months oftw B. Now, the profits were 
Ht the regulBT rate of jCTJ per cent, per Bnnum, and anioiinl^ 
to £62- lO-fi. How long was A i: 
joined him ? 
In the resolution of this qneGtion, the snecessive steps ate: 
Capital to gain £02- lO'i. in I- year = 
Capital to gain ditto in 1' nipntA . = 
Ofiehick B'l and C'l are cquivaUnl to r= 
.■, for 1' month, A's Capital mould be ^^^ 
Then, bjr Division, 

WhoU No. a/monlhi A tradu in Part- 

nirikip till Jirit Dii'iiinn of Profiti = 
.'. No. o/monCki A tradet alone = 

EXCHAiraE. 

This is merely the reduction of a given atnount 
coinage of one country to it* equivalent in tbnt of 
another. 

The Far of Exchange is tbe actual eomparative value 
of any two nations' coinages, with reference only to the 
intriusio worth of the metals composing them respec- 
tively. 

The CvorBe of EzchaDge is the variable amount of 
tho one coinage which, at any given time, is held equiva- 
lent, in commercial transactions, to a fixed Bum in the 

The Course of Eiehiinge helween any 
the state of trade between them. 

To obviate, as far as possible, the risk and expense 
of tranatnitting bullion from one country 
merohautfl employ Bills of Exuhangej which effect 
desired object thus: 



I 

nt I^^ 



ipense 



. Ttait the bDBlneBH id queatinn in such thsl it «n be coDtnstAd or H' 
pindedst pleuure, bo bh In permit the ■ntryoi'iillbilranalat parlBui, 
witbDut nffBDllDg llB BUbilit; or pmfiubla cliuneter. 
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Then B in London may draw on D a Bill of Exchange, payable 
in Riga, for £3500% and sell it to A. The latter will remit it to C 
ia Biga, who will present it to D for payment. By this contrivance, 
D of Riga can pay B in London £3500', and A of London pay 
C in Biga the like amount, the doable transaction being completed 
without actual transmission of coin either way. 

To discharge, by similar means, the remaining ^£1500* which he 
owes to C, A must find, in London or elsewhere, some other person 
to whom that amount is due from Biga. If London has received 
from Biga a greater amount of goods than it has sent thither. 

The Balance of Tr&de is against London. 

In this case, some London debtors must either purchase Bills of 
Exchange drawn elsewhere open Biga, for which Bills they must 
pay a premium, or they must incur the expense of transmitting 
and insuring bullion. And £100' in London being thus no longer 
sufficient to pay £100' in Biga, English money is below par in Biga. 

The Course of Exchange is against London. 

First Example worked out. Exchange, 

I. £2400- 15-8. for French money, at 25* francs 40- 
centimes per £1*, and, 

II. 34360* francs for sterling, at 25* francs per £1* 

Example completed. 
L 

£2400* 15's. = (2400-75 x 25*4) francs. 

= 60979' francs 5* centimes. 

II. 
34360* francs = £(34360*^ 25*) 

= £1374* 8-s. 

Second Example worked out. What is the course 
of Exchange between London and Hamburg, when 
£1650* are equivalent to 22687* marks 8* schillings? 

Example completed. 
Course of Exchange = No. of marks for £l• 
= 22687^-^ 1650*= 13f marks. 
= 13* marks 12* schillings. 

Arbitration of Exohanoes. 

It might happen that when the Course of Exchange 
with Amsterdam is against London, that of London is 
against (say) Lisbon, whilst that of Lisbon is against 
Amsterdam. In such a case, London, by paying Am- 
sterdam through Lisbon, might not only escape the loss 

2 I 3 
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incident to direct exchange with Amstordam, but might 
QTuu make a profit oat of the traosFictiou. 

Bj " paying through LiiiboD " ia meant, druwiDg or bajing Bills 
iti LoiiJoD OQ Lisbon, omhing in Lisbon, uid, with the proceeda, 
purchasiDg Lisbon Bills oa AlDBlerdam. Bj tbia process, London, 
in the cosf proposed, w'ould obluin two discuimtji iof^lead of pajin^ 
a premiam.* 

The reaulting Rate of Eschange, by this circuitous 
route, is called the Par of Arbitratioii betweeo Loudon 
and Amsterdam through Lisbon. 

To arbitrate exchanges is to ascertain whether the 
direct or any one of a given number of circuitous routes 
is the more advantageous. 

In Simple Arbitratioii of ExchoageB only three places 
are conuerned. In Componad Arbitration of Ezchanges 
more than three places are concerueil. 

Third Essmple wouked out. Simple: Abbitratios 
OP EzcHANQCS. Bills on Paris are bought iu London at 
£1- for 354 francs, and sold in Hamburg at 100- marks 
for 187' franca. What is the resnlting "Par of Arl " 
tiou" between Hamburg and Londoul 

Uem, London pays Hamburg throngh Pons, 

Example completed. 

£!■= 26-4 francs. 1- mark = 1-87 franc. 

.-. No. of marks for £l' = ?^=13lff marks. 

= 13- marks 9^ schiUinga. 

Fourth Example wohked out. Compousd ARBrrRA- 
TiOK OF Exchanges. A BUI, London upon Hamburg, 
is bought at £1' for IS- marks lOJ sohillinga, and 
sold at Amsterdam at 35^^ florins for 40' marks. With 
the proueeda are then purchased French Bills, at 57J 
florins for 120' franca. Find the Par of Arbitration 
between London and Paris by the giveu route. 
Eiampla coiopleled. 

■.■ 1' frano = Y^^ florins; and l-florJn=^ — marks; 

) florins. Pi 



:Im^^^ 
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No. of marks in £1* 



And, No. of franca in XI* = 



No. of marks in 1 • franc. 



^ \,120 35fy 

l-x57J x40- 
= 25- francs 55 ^|gf centimes. 

* Observe, that all the buying prices come into the denominator 
of this fraction, and, of course, will do so in every similar example. 
Whence this simple Rule : 

To find the Par of Arbitration between the first and 
last of any number of places successively concerned in a 
circuitous exchange. 

Divide the continued product of all the Selling Prices 
by the continued product of all the Buying Prices, 

To Arbitrate Exchanges, 

I. Find the Par of Arbitration by each of the given 
routes. 

II. Compare these with each other, and with the direct 

Course of Exchange. 

The route, whether direct or circuitous, which yields the highest 
Par of Arbitration between the first and last places in question, 
will, of course, be the most advantageous. 

Fifth Example worked out. £1881- are to be re- 
mitted from London to Paris, either : 

I. Direct, at £1' for 25* francs; or, 
/ IL To Hamburg, at £1* for 13* marks 12* schillings; 
thence to Amsterdam, at 40* marks for 36* florins; thence 
to Paris, at 57' florins for 120' francs; or, 

III. London to Berlin, at £1* for 6' dollars 15* gros- 
chen; Berlin to Brussels, 7* dollars for 40' schillings; 
Brussels to Hamburg, 39- schillings 6' grotes for 14* 
marks; Hamburg to Paris, 13' marks 12' schillings for 
26' francs. 

Which route is the most advantageous, and by how 

^^^ I. In French money ? 

II. In Sterling money 1 
iiL Per cent on amount remitted 1 
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Example completed. 
No. of francs for £1* by direct exchange = 25* fr. 

by Ist circuit = — i — — — ==— = 26^fr. 
by 2nd circmt= - *_ -^—3^- = 24fHfr. 

.*. The first circuitous route is the most advantageons of the 
three, exceeding the direct one by l-jV franc per £1*; and pro- 
ducing a profit 

fr. francs. 

I. In French money = 1^X1881- = 1980- 

fr. £ ,, d, 

n. In Sterling money = (1980--f.25')«= 79- 4* 0' 

£7gi \/ iQQ* £ «. d. 
in. Per cent, on remittance «= ^ ^ — = 4- 4. 2J}J 

Sixth Example worked out. What amonnt sterling, 
by this route, would be equivalent to the £1881* by the 
direct route? 

That is to say, How many £, at ^^xv fra^ics, are equal 
to £1881- at 25- francs] 

Example completed. By Inverse Proportion. 

£ £ 

As 26^ : 25- :: 1881* : 1805- 

PROOF, 
fr. francs. 

25- X 1881- == 47025- 
26^ K 1805- = 47025- 

EXERCISE CXXVIII. A. 

Examples in Exohanoe. 

L France. 

100* Centimea = 1* Franc. 



Sxehange for Francs: 


Exchange for £, 


£ 8. fr. oen. 


francs. fr. cen. 


1- 340- 10- at 24- 50-* 


4- 9864- at 25- 75-* 


2- 965- 15- at 25- 30-* 


5- 3682- at 24- 25» 


3- 784- 5- at 26- 75-» 


6- 7680- at 25- 60-* 



II, Belgium. 

100* Centimes =: 40* Grotes = 1* Florin or Franc. 
12* Grotes &= 1* Schilling. 



Exchange for Florins. 
£ s. sob. gr. 

7- 600- 10- at 40- 6-* 

8- 950- 15' at 39- 4*« 



Exchange for £. 
flo. cen. Bch. gr. 

9- 9980- 80- at 39- 10-» 
lU- 6436- at 40- 9** 
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11- 
12- 



III. Holland. 

100* Cents = 1' Florin, fi* Cents = 1' StiTer. 
50- Stivers «= 1* Rix-Dollar. 



Exchange for Florins. 

£ 8. flo. 0. 

675' 10- at 12- 76-* 
406* 4* at 11* 90« 



Exchange for £. 

r. doL Bti. flo. e. 

18- 348- 30- at 12- 46* 

14- 768- 30- at 11- 75* 



IV. Hamburg. 

12* Pfennings ^ 1* Schilling. 16* Schillings = 1* Mark. 



Exchange for Marks. 
£ m. to. 

15* 846* at 13* 4* 

16* 973- at 12* 14*» 



Exchange for £. 

m. 80. m. 80. 

17* 6455- 4- at 13- 8* 

18* 9886' 10* at 13* 12» 



V. Russia. 

100* Copecs = 1* Silver Ruble. 



Exchange for Rubles. 

£ d. 

19* 750' at 371 per ruble. 
20* 964* at 38l „ 



21* 
22- 



Exchange for £. 

m. CO. d. 

7484* 00* at 374 per ru. 
9355* 25* at 36i 



n 



Exchange for Dollars. 
£ d. gr. 

23- 600* at 6* 20 

24* 945- at 6* 24 



VI. Prussli. 

30* Silver Groschen « 1* Dollar. 

Exchange for £. 

d. gr. d. 

25* 3640* 20- at 6* 

26* 7364* 15* at 6* 



in*. 
25** 

28J* 



60* Erentzer 



VII. Austria. 

1* Florin. 90* Kreutzer = 1* Rix-Dollar. 



Exchange for Florins. 
£ fl. kr. 

27* 963* at 10* 5* 

28* 786* at 9* 55* 



Exchange for £. 

flo. kr. flo. kr. 

29* 6438* 50- at 10* 6*» 

30* 7863* 45* at 10* SJ* 



31* Exchange 195* Rix-Dollars, 50* Kreutzer, for £, at 9* flo. 
48* kr.* 
32* Exchange £1347* 10*s. for Rix-Dollars, at 10* flo. 2 kr.* 

EXERCISE CXXVIII. 



I* If 25* Francs be given for 11*7 Dutch Florins, 39* Florins for 
45' Hamburg Marks, and 2^ Marks for 1* Russian Ruble, how 
many Rubles are equivalent to 1000* Francs ? 

2' How much English Standard gold is a Franc equivalent to, if 
it weigh i^ of a gramme, and 31*1 grammes = 1* oz. Troy; the 
value of English gold being to that of French as 3151* : 3100? 



♦ Per £1' Sterling. 



3S3 



mVU^ION or PATMESTS. 



S- Hnnrmuiy Frtitics = £!■ "at Par"! 
i- Wh«t i« the «rtitr»i«d rate of exchange ("Pm cf ArtnS 
lion 'I bMwepn Iiondon md Uulrid, vhen Bills on Paris, boagtif 
in Loivl.in >l SS'-l Franca per £1- an sold in Madrid at S-75 FriuicB 
for I- DaUar of 20- RealsT 

S- How macb is London ttten above or below Par at Madrid, tha 
Pit of Eiehanga being 3's. per Dollar? 

A- Of tbe ihree rontea, whether is the most advanlageoas for 
remitttng from London to St- Pelershnrg: 
I. The Direct, at 37d, per Silisr Bable ; or 
n. Ltindon lo Paria, £1- for Mi Francs; Paris to Lisbon. 6*5 
Francs per Milree: Lisbon to Vienna, 4J Milreea for 12' 
Florins; Yienna to St. Paterabnrg 1075 Fiorina foe 9-6 
Rubles: or 
m. London to Hamburg, £1' for 13- Marks 12- Schillingt; lo 
Berlin, 10- Marks for 5J Dollars; to Madrid. 6i Dollars fur 
7 Milrees: to St. Petersborg, 14- MUrees for lil BaUesT 

Eai7A1I0H OF FATUENTS. 

It may be occasionaUy necessary ia buiuness to solve 
such a questioQ as the following. 

"Supposing A to owe mo £245' due !!■ montha hence, 
and £(jOO' at 4- months hence, when should both euuiB he 
paid at ooce, so that neither of iia should lose or gain!" 

The time required to he determined ia called the 
Equated Time. And, in this instance, the equated time 
ia 6' months hence. 

So tliat, the £U5- will be paid S- monlha before its time. 
And, tiie £600- will mn 2- monlbH OTer its time. Ther>ifl>K, 
I ought to allow him 5" months' Diseoura oa £245- ■ 
He ought to allow me 2- months" Interett on £600- 
If these allowances be equal, then, 0- Tnonibs hence, ia, as Mated 
abuvp, a tme Equated Time for the payment of the two debts. 
Now, at £i- per centum per aDmim, 
5- months' DUcoant on £245 ■ = £5' which I allow him. 
2- months' Intet-ut on £S00' = £5- which he allows tt 



lages I 



Other 






Let tbe natural duration of the longest debt (11' mOT 
be called The Tenn, 

Then, seeing that whoever of the two persons Jialda 
the moneys may derive IntereHt from them, for whatM 
portion of tbe Term they remain in his hands, it v '~ 
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seen that payment of both debts at the end of 6^$^ 
mouths would also effect an equitable settlement. For, 
in that event, 

The £245* would be paid 4i|-J months before due. 

The £600* would be paid 2^^ months after due. 
Then, 

I ought to jJlow him Interest on £245* for 4jf^ mos. 

He ought to allow me Interest on £600* for 2^^ mos. 

But, at £&* per centum, per annum, 

£ s. d. 

Intere8ton£245*for4]^mos. = 5'l'5Jy^,allowedbyme. 

Interest on £600 'for 2yJ-y mos. = 5 • 1 • 5 J y^, allowed to me. 

Therefore, by payment of both debts at the end of ^^hf mouths, 
the adTAQtages will be exactly balanced up to the end of the Term 
(11' months.) 

To illustrate further : Suppose each of the debts to be 
paid when due. Then, by the end of the Term, 

£ £ 8. 

I should gain 7* months' Interest on ... 600*= 17* 10* 
By Eq. of p., I gain 4^^ months' Interest on 845 • = 1 7 • 1 • 

So that I neither gain nor lose by the end of the term. 

Again, If both debts were paid when due, then by the 
end of Term, ^ ^ i. d. 

He would gain 11* months' Interest on 245 = 11- 4- 7* 
Together with 4* months' Interest on 600= 10- 0' 0* 

By Eq. he gains 6j|^ months' Interest on 845- = 21* 4- 7* 

So that, by paying both debts at the Equated Time (67^7 months) 
neither party gains or loses up to the end of the Term (11* months). 

There are, then, two Equated Times for the equitable 
payment of these debts. 

The first (6* months) is the true Equated Time, if the 
balance of advantages be referred to the day of equated 
payment 

The second {^y^v mxmths) is the true Equated Time^ if 
the balance of advantages be referred to the end of the Term. 

Now, although the first result (6- months) happens, in 
this particular example, to be a simpler one than the 
second (6^^ months), this is not always the casa More- 
over, a result of the first kind, even for two debts only, 
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ttot, be found witliotit the ftid of Algebra ; vtbt 
' •■mult nf the second kind, for the Equated Time to poj 
three, four, or any nuin!>cr of debts can be determined 
by the iiiiitie easy ArilhmeticaJ process which ia employed 
to eoive qiieslious iii Ccnipouiid Kellowebip. 

First Exauplb workeu out. If a pereon owe £5(l(t- 
due in 3- mouths, £400- in 5' months, £300- in G- months, 
and £200- in 8' months; when should the whole debt \ie 
p£ud, BO that neither debtor nor creditor should lose ? 

Here, wo replace eacli debt hy ihe sum whioh wnutd prodncc Ihe 
same Interest in one month. And this sum is found b-r raalim,' 
the debt bj the number of months it bsti to ran beTore be^ 
due. For, In the prednction or luterest, 

£ m. fi £ 

600' for 3' = 500' x 3-= 1500- for 1 
400- for 5' = 400- .< 5- = 3000- „ „ 
300-for6=3O0-x6- = 1800- „ „ 
200'for8-^3Q0-x8-^ 1600- „ „ 
UOO- 14O0- }6900- „ „ 

The fouf debts are = £14tW- dne 4ff months he^- 



I 



. 4JJ" 



a the Eijuated Time for paying all at oni^. 

PBOOP. 

By Equation of payments, the Creditor will sutT 
at (aay) £5' per cent., per annum, 

Interest Ml 500' for Iff months^4- 0- 4f il* 

But the Debtor will also suiTender, at the same rate. 



Interest on 400' for -j^ month 
„ on 300- for 1^ month 
on 200' for 3^ months 
Making, in all, the same allowance as) 
his Creditor f 



= 0- 3- 4| 

= 1- 6- 9? 

= 2- 11- if 

= 4- 0- 4Jf 



To FiNB Eqoated Time for tok patmbtt' op AifT 

NUMBER OF DEBTS. 

First. Multiply each debt by the No. of times (yoan, 
or months, or days,) it has to run. 
Second. Add the products together. 
Third. Divide by the sum of the debts. 
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SscKMn) ExAXPLB woBKSD OUT. Ouo thousand pounds 

beooming due 8* months hence, and £200* of it being 

paid at the end of 3* months, bow long should the re* 

mainder be allowed to stand over 1 

Here, we have, ** GiTen the Equated Time (8* mo.) of both debts, 
and the time of payment of one of them (3* mo.) to find the time 
of payment of the other debt" 

Debtcnr is entitled to 

£ £ 

Int on 1000- for 8- mo., or on 8000- for 1- mo. 

But he gets 

Int. on 200' for 3* mo., or on 600* for 1- mo. 
There remains then, due to him 

Int. on 7400- for 1- mo. 

Or on £800- for (7400-5-800- or,) 9J- months. 

/. The £800* may stand over until the end of 9 J months. 

PROOF. 

The £200' are paid 5* months before due. 
The i'800* are paid li months after dae. 

£ 8. d. 

.-.Debtor sacrifices Int. on £200- for 5' mo. = 4- 3- 4* 
Creditor sacrifices Int. on £800- for IJ mo. = 4* 3- 4- 

Third Example worked out. A certain debt would 
become due in 2- years and 9* months. Now, supposing 
}, ^, and 4> of it to be paid at the ends of the first, 
second, and third years, respectively, when should the 
remainder be paid ? 

The four instalments being ^, ^, |-, and -j^; that is to 

8^y> A> A^» i^> ^^^ A> ^^1 *^® ^®^* ^^^' 
Then, the instalments are £6-, £8-, £3-, and £7- 



£ 

24- X 2f 
But 6xl- = 6- 
8-x2- =16- 
3x3- = 9- 


£ 
= 66- for 1- 

■ = 31- „ 
7-) 35- „ 


year. 

79 


The £7* must run for 5* years. 




PROOF. 

Debtor surrenders Int. of £6* for If yrs. = 

Int. of £8- for 9- mo. = 


£ 8. d. 
= 0- 10- 6- 
= 0' 6- 0' 




• 


0- IC- 6' 
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mCLUSITE, OB COTEBHTO, insitbasce. 

If the Premium (see page 362') be £5" per cent, nnd 
a person ensure hia property at its exact value, ho would 
pay to the Company £5- on every £100' worth of it; 
and, in the event of ita deBtruction, he woidd receive 
ftom them the exuct value of the property insured, thus 
losing £5' per cent, the Premium paid. 

But if, representing every £95- worth of property as 
being worth £100-, he were to pay on it the Premiuin on 
£100-, then, for every £'35- worth destroyed he would 
expect to receive from the Company, £100-, covering 
both the value of the property and also the Premium 

A. To poTBr £1)5- and Promium, inaura a nowioa! £100' 

B.Toeo,er £1- and Premium, ir..*ure ., *i™" 

95- 

0. To cover, Baj, £Jfi(i(l' «nd Premium, inaute £M215522'=io(»- 



Real value to be covered = 3800' 

Premium Paid on fictitious value (£4000-) . . , . = 200- 
Amount insured, to cover real value and Premium = 4000- 



To (ucertain w/uU nominal value murt be insured m ordfi' 
to cavnr a given real value and ihe Premium paid.' 

First Multiply real value by 100' 

Second. Divide Product by the Difference between 
£100' and the Premium on £100- 



1 arltlmiEUiMl boota, InTolTata 
ra; uidllDODUlna wiUiiaiMdf 
a Cgmpsn J being ool j boDBd U 
A. <ai Dot tha BaailaiB^u 



'd tohtai 
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EXEBCISS CXXIX. 

Equation of Patmbstts' and Inolusivb Insurance. 

Frove every Example. 

1* What is t]^ eqnated tixoe» for payment in one snm, of three 
debts: viz. £700* dae 3* months hence, £400* in 5' months, 
and £180* in 6* months? 
ft' A de^ of £1000* is due thus : £300- at the end of each of the 
fire^t three months, and £100* at the end of the fonrth month. 
When would a smgle payment of the whole be equitable ? 
8* If £364* 5*8. be due 8* months hence, £548* lO-s. at 4* months, 
£9L- 15*8.. at 5' months, and £145* lO's, at 7* months, what is 
the equated time for paying the whole? 
4' On the first day of Apru UUs are drawn which will fall due as 
folIowB: £400* on May lr8t.,£350* on May, 11th., and £750* 
on June 20th. ; when should the whole be paid, if in one sum ? 
5* When is a debt of £700* due, if it can be equitably discharged 

by montfalv instalments of £100* each ? 
6* When should £1800* be paid down, to be equivalent to six 

equal monthly instalments f 
7* How long has a debt to run which might be equitably paid in 

nine equal monthly instalments ? 
8* When is the whole of a debt due, if it might be fairly paid at 

the rate of t*^ of it per month ? 
0* At the end of one month, £600* are to be paid, and then £150* 
at tbe end of each of the next 4* months. When (instead 
of this arrangement) should the whole £1200* be paid, so 
that neither Debtor nor Creditor should lose? 
10* £1000* being due in 2* months, would the Debtor or Creditor 
gain, and how much, if the money were paid in 4* monthly 
instalments, the first three being £300* each ? 
11* Which of them would gain, and how much, supposing the 
£100' to be 

I. The first instalment? 
n. The second instalment? 
m. The third instalment? 
12* A debt of £240* will be due at the end of 4* months and 13* 
di^R. Now, if £60* be paid at 2* months' end, and £48* two 
months later, it is required to find when other £40 must be 
paid, so that the remainder of the debt may stand over to 
the end of the sixth month. 
13* A certain debt becoming due at the end of 12* months, when 
must the first half be paid to allow the remainder to run 
to the end of 17* months? 
14* Of £600* due in 8* months, £300* are paid in 2* months, and 
£200' in 3' months. How long must the remainder run? 

What ruminal value must he insured 

15' At £5* per cent., to cover £380* and Premium? 
16* At £2* per cent., to cover £690* 18*s. and Premium? 
17* At £6} per cent, to cover £1379* and Premium? 
18* What amount is covered, with Premium, by insuring £700* at 
2i per waUf 

2x2 
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PKOFIT Ain> liOSS. 

QudatioQB under this bead require no special rule, 6aA 

being solved by applying to its conditions the principles 

and proceases already mado familiar. 

EXEHCISE CXSX. 
Explain every line. Fiwe eea'y ExampU. 
I- If bj selling a bone for £1*2' I gain £,W- pei ceat., what ^ 
uoHt Die! 

Gain = J 0/ Cost Price, = jf d/ Selling Price. 
%' A loss of £20- per cent, is incurred by Belling n certain 

fur £ia- What waa the Cost Prioef 
3- What !■( gained per owt., and per cant, on Cost Price, bj 8«_^ 
fur £1T- IS'B. 4Jd., 8- cnt. 3- i^ra. T' lb., which coat £llf| 






etSci 



£3- ia->. 114. 



Oain on £14-^ 
Gain on £ -^ 
Gain on £ 1- 



Qair 



per c, 



4- If alrfldtirgain fts. Tjd. hj Belling an article for HS'a. O-ii.,4 
does ba gain per cent, on his ontlay f J 

6' A grocer bought 2- cut, 13' lb. of Biigar at 3-d. per lb., »L 
4- cwL 16- lb, at SJd. He sold 1- owt, 3- qr. 4- lb. of the 
latter at a loea of I'd. per lb. All the rest he sold at a 
uniform rate, and thus cleared li's. 0(d. What was Ihia 
uniform price per lb. i 

8* An article which waa sold for 31'h. TJd. returned a profll of 
G'a. 7^. How mnch per oent. was gained 
I. On Cost Price? 
n. Out of Selling Price? 

7' How much per cent, out of Selling Price is eqoal to 39' per 
cenLon Colt Price t 

8' Bought goods to the amount of £100- nett, and resold them at 
a profit of £2S' per cent, out 0/ Seliijig Print. By how ina^ 
WRS this gain more than £i6' per cent, on Coit Price .' 

9- Which is the greater gain. 5'b. on every ill- uC Cost Pi 
4'a. du(d/ every i"l- of Selling Price? 

10- Bought sugar at £37- Ba. B-i. per ton, and retailed it 

per lb. What was the gain per cent, on Cost Price: 

11- A and B lay out the same amount, ■□ the same hind of 
at the same rate. The firet sells at a profit of V 

■ on Coat Price, and the Becond at IS" pec cent. 
jfrice. What was the difierenei of their giinat 
I. On evetj- £1' of Cost Ptico? 
□. Out of every £1' of Selling Price* 
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* 

12- If, by selling ai|;ActiBle Cov. i^4lO-, I lose £20* per cent, what 
must I have sold it for to gain £20* per cent, both on G. P.? 

13' By selling a bullock for 15* gaineas, a grazier lost 20* per cent, 
on C. P. What would it have fetched if he had gained 20* 
per cent, on C. P. ? 
Loss = i 0/ Mnt SeUing Price = i of £16* 15*8. • 

14' The Loss in selling an article for £21* 18's. 9'd.,i8 10' per cent. 

on Cost Price. What must it have been sold for in order 

to gain 10* per eent out of Selling Price? 
15' A man purchases at £'26' each, railway shares, on which £18* 

per share have been paid. He pays up the calls to £20* and 

sells at £2bi* What does he gain per cent on his outlay ? 



EVOLUTION. 

As Involution (page 53') is the raising of a number to 
any required power, so Evolution is the exactly opposite 
process, its object being to ascertain of what number any 
given one is a certain power. 

For Example : To solve the question, "Of what number 
is 361* the square]" we must find (or "extract") the 
square root of 361* 

Every number is called 

The "square root" of its square, or 2nd power; 
The " cube root" of its cube, or 3rd power; 
, The " fourth root" of its fourth power; and so on. 

Thus, V 2« = 4-; 2«=8-; 2*= 16-; 2»=33-; <fec. 

.*. 2'= sq. root of 4* = cube root of 8* = 4:th root of 16- <fec. 

Arithmetical Symbol Instead of the word "root," 
we employ the Badical Sign, which is thus formed, ^. 
It represents the letters r*, the first and last of the word 
" root." 

Hoots, like powers, are distinguished by their index or 
exponent. The square root is indicated thus, ^ or I/, 
For the words "cube root of," we write I/; for "fourth 
root of," i/i and so on. 

Squabb and Cubb Numbbbs. 

A number which is the sqnare of another, and which, 
consequently, has an exact square root, is called a square 
number; and one which has an exact cube root, is called 
a cube number. The first ten squares and cubes should 
be remembered. 

2x8 



THS ■SUTTAKJI'ShOT: ■ 



UmU. 


SquHM. 


cubsi. 


B«^ 


Squnnj. 


Cubes. 


!■ 


1- 


1- 


6- 


3fi. 


21G- 


a- 


4- 


8- 


7- 


49- 


343- 


:(■ 


9- 


27 ■ 


H- 


64- 


512- 


4- 


IG- 


64- 


!!■ 


81- 


729- 


5- 


25 ■ 


U'a' 


iU- 


100- 


lOOO- 



I 



SXTR&OTION OF THB SQIJABB BOOT. 

Pointing for Square Koot. Since 1= = 1 ■; 10= = 100; 
100'=10000-; 100O'=10O000O-; and so on; it ta plain 
that 

Of any single digit liie sqanre is under lOO- 
Of an; No. oontnining i- plnces, the sn. in between 100' and 
or any No. Eontuoiog 3- placea, the Eq. is between 1000' and IOC 

And, con Tersely, 
If tba sq. has not more tban two pki^eii the rent lias 
If the sq. lias thnt or four pkces, the roet has tino. 
If the nq. has Jive or lix pkces, ttie root has Ihrce. 

So that 

A square nuwher never hoe thot', and can onlt/ Tiifvi 
Uii, than twice as many filucf» m its Square Soot. A 
for the uTiite' place, and fur every tvio placet hetidd'A 
units, in the Square Jf amber, there will is one place flw 
Square Root 

Therefore, if we place a point over the unita' placsfll 
the number whose Square IJiiot is to be found, and also a 
point over every alteroate place to the right anil left of 
units, tlicre will be one place of figures in root for 
such point. 

The pointed figure, and next one to the \%% (if- 
form a Period for Square Root. 

There are three such periods in 23201- 

When there is an odd number of decisial figures, tt is 
necessaiy to add a cipher to complete the right-hand 
period, as in 22-2010 

In such a case, there is no eiaat Sqaare Baotj for, if a Sqanre 
Number end id D, it will end in 00, since eierj numher ending in 
must have its Square in GO, b; the Principles of MuUiplicalinu. 

We maj, of course, add anj nutabar of periods (ot 00 eoobj to 
UiB light-band of decimals. 
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Formation of a Square Vnmber. If we take any 
Number and multiply it by itself, the product is a Square 
Number, of which the former one is the Square Root. 
Now, it will be found that the square may also be 
obtained from the root by adding together 

I. The aquare of the tens, 
IL {Tvrice tens + units) x units. 

Or, more concisely, patting t for ** tenit" a for " unitit** and a full 
point for the sign of maltiplioation, the number to be squared will 
be represented by t'\'Uj and the fact stated above, thus : 

EXAUPLBS. 



64' = 6 tens + 4 units 

f =60» =3600- 

(2,t+u)u = l2i'xi' = 496- 

64'=64-x 64- =4096- 



643'»64f«ns+3 units 
640» = 409600' 
1283- X 3-= 3849' 



643' = 413449' 



The process for extraction of the Square Root is de- 
rived from the foregoing analysis of a Square Number; 
and consists, essentially, of two {)arts : 

I. Having ascertained the tens of root, we subtract 
their square. 

IL Dividing remiainder by tunce the tens of root we find 

ita units' figure. 

Then, to prove that this is the true units' figure of root, we add 
it to twice the tens, and multiply the sum by it. 
If the Product » Remainder, the Square Boot is found. 

First Example worked out. A Square Number op 

TWO PERIODS. Integers. Find the Square Root of 7225* 

The Square Root of li'ii' can only have two places of figures; 
and the square of the tens of root must be the greatest square 
number under 72 hundreds. 
.*• Square of tens » 64 hundreds. .*. Tens' figure of root is 8 

Put 8 (tens) in root 
Subtract square of 8 {tens) = 64 [hundreds). 
Twice 8 (uns) = 16 [tens). 

This is the Trial Siyisor, contained 5* times in 825* 

7225-(85' = sq. root 
64 =f 

2.« + tt = 16,5-) 825- 
(2.< + w)xw= 825- 

.*. 5 is units* figure of root Put 6 in root beside the 8 
Put 5 also on the right of the 16 (tens) of Trial Divisor. 
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This makes the Complete Divisor 1^3' 

Multiply OompUiU Diviior ( lliS") by 5- Subtract Product (92f~ 

The two qimntitiea subtracted make up the square of 

85' But OS nothing renauiua, the quantities subtracted 

= also 722S- 
:. Square of 85'=7225- :. 85- = ^7325- which was 

to bo found. 

Secosd Example wobred out. Sqitakb NUmBir 
HAViKG THREE PLACES i>f RooT. Extract ^ 236196- 

The Sciuure Root of 2»'ni»S- will contain hundreds', tens', aai 
units' plicei. But ne may, wlien eonveuient, read hundreds as 
l«n4: uid this we nbnll do to aimplity our explan&iion in the 
present iuathuce. 

I, We shall find, preoiaely as in former esample, the 
Square Boot of the greatest aqiiare nuraber contained in 
the two left-hand periods 2361 ^liutidrcds). 



II. Cftlling these the tens of the root, (aa they really 
are, when taken together,) we shall employ them to form 
a Second Trial Divisor, by whose aid we shaU disoover 
the uuita' figure of the root 



Example completed. 
;6i96'{48,6- = Square Hoot. 






8,8) 761 

704* (Kith /oTjntT nibtrahri 
3,( + «=J96,6-) 6796- 

5796' = {2.( + «) 

• Thns far, the work is similar to th»t of previous exampie. 

+ Down 10 this point we have subtracted ayiiare of J8 {Itiu). 

To the remsinder ve take down next peiiod (!)l)-] msking 
Dividend 071)0- 

I Hawog no* in the Hoot 48 (mm), onr Sieond Trial Dfvtnir 
must ba tirice 43 ((em) = (tnise 40 + twice 8) um. 

But we hava already, First Complete Divisor = (twice 40 + ones 
6) tcm. To this, tberefore, we have only to add 8 (leiu), md 
Second Trial Diviaor is formed = 96 (tem). 

96 (latu) are contained C- times in 679 (teni). Therefore 6- 
appeara to be the units' figure of root. To t«»t it, add fi- w Second 
Trial Divisor, making Second Complete Diviaor 968-. wblofa moUb. 
plied by 6- = 5796- This being subtracted It 
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The three Sabtrabends are, thel^^for^, e^tial to the given Dumber, 
230196* They also together make up the square of 486* For 
let Subt«? — 160000- \ .^ ^ ^ 

Srd „ = 5796- = (twice 48 ten« + 6) X6 = (2 . t+tt) Xt» 
iL96'X4S&* « 23ai96- » <«+(2 . e+tt)Xu See Page 391- 

!-V236196- = 486- 

WheH; therefore, the given number contains three or 
more periods, work the left-hand two as if they were all. 
Then consider the two root-figures thus found as tena 
To right of remainder take down next period, and proceed 
as if this were the only period lefb. This will give a 
third root-figure. Consider all three root-figures, taken 
together, as tens, and work with next period, if any. 
Proceed thus, until all the periods are worked out Note 
that 

I. Each new Trial Divisor is formed from last previous 
Complete Divisor by adding to it lafit-found figure of root. 

II. Each Trial Divisor is equal to twice the root so far 

found, 

1st Trial Divisor => twice left-band root-fignre. 
2nd Trial Ditisor sa twice two left-hand root-fignres. 

III. The sum of any Subtrahend and all previous ones 

is equal to square of root so far found. 

Sam of first 3* Subtrahends ■= square of first 8* root-figures. 
Sum of first 7* Subtrahends = square of first 7- root-figures. 

The next example worked out will shew how to manage 
ciphers in root. 

To Extract the Square Boot of any Number. 

First. Point the number into periods, by placing a 
dot over the units' place, and one also over every alter- 
nate place to right and left of units. 

Second. Find square root of greatest square number 
less than first (left-hand) period. Put this square number 
under first period, and its square root (in the place of a 
quotient) as first root-figui*e. 

Third. Subtract square number from first period. To 
right of remainder take down second period. This forms 
First Dividend. 

Fourth. Form First Trial Divisor, by doubling first 
root-figure. 

Fifth. Ascertain how often Trial Divisor is contained 



S94 xxTm^cnox ov xhs :4quabb, boot* 

in Diyidend (ezdnaiye of right-hand figure). Quotient 
18 new root-figoia Pat it to the right of fprme^ root- 
fignra 

Sixth. Join new root-figure to right of ^tVial 'piyii^r. 
Multiply Complete Divisor by new root-figure. Put 
product under Dividend. Subtract. Take' down n^zt 
period, thus making New Dividend. 

Seventh. Form New Trial Divisor by adding last- 
found root-figure to Farmer C&mplete Divisor. 

EightL Kepeat Fifth, SixOi, and Seventh steps. 
Continue such repetition with every succesaivo periioid. 

Add deeimal periods (of 00 eaeh] vhe& neceasaiy. 

Third Example worked out. AppROxncAtB Square 
Root of a Number that is not Square: Find square 
root of 3* to ten places of decimals. 

Example eompleted. 

3O6(l-73«)508075&0. 
!• 

27) 200 
189 



343) 1100 
1029 



3462) 7100 
6924 



346405) 1760000 
1732025 



34641008) 279750000 
277128064 



3464101607) 26219360000 

24248711249 



34641016145) 197064875100 

173205080725 



23859794375 



SqtrARif BibOT oir a Fbaotion. 

% find the square root of a Fraction, find those of 
Numerator and of Denominator. Or^ reduce the frao- 
ti<^ to the decimal form^ and extract square root. 

^ ^ ^16^ ^U9- n p,^13 13 169 

EXERCISE GXXXI. 

Frove every example which has an exact square root 
Trace the process. 

1* Extraolfc the squaifd roots of 2016% 22*09, and 1586-64 
2: Eind V41'99()4, and V»*89102& 
3' Of what number is 378018-388224 the square? 
4- What number multiplied bj itself will produce 3721976064*? 

5* The product of two equal factors being 870*25, what is each of 

them? 
6* Extract square roots of '0000121104, and of -004970673009 
7' Extract square root of 7* to six places of decimals. 
8* Extract, to seven places of decimals, V8* and VU* 

9- Find n/^WW. and s /^WAh 
10* Shew that V'i = -3 
11* Find the square root of -612345679 
12* Also of 113-7, and of -027 

Extract the square roots 

13* Of 9579f|. 
14* Of 36650916* 
15* Of 19044496 



16* Of -00156816 
17* Of 93760489- 
18- Of Ifl, and of 38Ji 
19* Of 9971220736* 

25* Of •020408163265306122448979591836734693877551 



20- Of 139*, and of 14- to five 
places each. 

21- Of 881^ and of *6025 

22- Of 216270112515625- 

23- Of 49505999-6025 
24* Of -099856, and of -34027 



USES 07 THE SaVABE BOOT. 

First Example worked out. Squares and Paral- 

LELOORAHa A square field haa an area of 18*a. 3t. 25 *p. 

statute measure, how long is its side ? 

Since Area of a Square == equare of its side, 
.'. Side of Square =a square root of Area, 

Example completed. 
Area= 18-90625 acres =189-0625 supl. chains. 
.'.Side =^1890^25 bu. oh. = 13*75 lineal chains. 
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Parallelogkam Redcobd to a Square. 
Secokd Esamplb worked out. It is required to find 
the Bid« of A Square having the same Area as a Parallelo- 
gram ijf which the base meaBurBB 144- chaioa, and the 
perpendicular height 2'2' chains 9' links. 
Emmpla eompleted. 
Area of Square = {Ui- « 22-09) su. ch, = 3180-96 81 
.■.Side of Square=v3180'96 Buperfioial obaina. 
=;56'4 lineal chains. 



Whei 



The Meait Pkopoktiokal. 
the second term of a Proportion i 

a proportional between the first 



tand 



h 



the third, it 
fourth. 

Let m repreaeat a mean proiiortJDnal between &■ and 
24- Then, ^^ 

As 6- : m ;: m : 24- ^^1 

Therefore, by Principle xxit., ^^H 

m K m — 6' X 24' t^^H 

m^= U4- ^^ 

And, these two quantities being equal, their aquara roots 
are also equals 

.-. m = ^U4- = 12- 
6- : 12' :; 12- : 24- 
Tlie Mean Proportional hetween two quantities is the 
Square Boot of their Froduct. 

The second eiample worked ant shews, Ihen, that if a Bqnare 
be equal to a parallflogram, the side of the square is a mean 
proportJi^nal between the length and perpeadicular height of llio 
parallelagram, 

The Cibclk. 
Third Exahplb worked out. Wliat is the diamster 
of a circle containing TO- ac. 3- rd. 29'76 po. statuta 
measure % 

"A circle is a plane Qgiire, contained by one line, irhich 19 called 
the circumferenae, and is auch ihat all straight lines drawn from a 
certain pinnt within the flgnre to the airaumfereiice are equri to 
oneBiinther. And this poiotia railed tbe ceatre of the circle. The 
diameter of a circle is a gtrught line passing throngb tbe centre, 
aud terminated both wajs bj the cireumferenoe." Euclid. 

The Area of a circle cannot be exactly asoertaioed. It 
jbas, however, been proved to be nearly = '7654 of i 
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sqaare, ewh si^^ of wbioh touohes the ciroumfereuce of 
ihB circle externally. 

' ^The.fiide of such a squaxe is = diameter of the circle 
about which it is circumscribed. 

.'. Area of Square = diameter' (of oirole). 

/. Area of Circle = '7^5i of square of diameter. 

Andy couversely, 

•/ Diattieter*= Area of circle -^ '7854 
/. Diameter = v'(Area-^ -7854) 

Example completed. 
Area of circle = 70a. 2t. 29-76 p. = 706-86 aup. ch. 
;. Sq. of diam. = (706 -80 -r -7854) sup, ch. = 9- sup. ch. 
/. Diameter = ^9' sup. ch. = 3* lineal chains. 

To find the circumference of a circle (nearly). 
Multiply Diameter by 3-1416 

To find the solidity qf a cylinder (nearly). 
Multiply Area of circular end by units in length. 

Solidity of Cylinder = Area of End x Length. 

= Diam.* x -7854 x Length. 
Diameter^ = Solidity -^ -7854 ^ Length. 
/. Diameter = ^/(S -^ L 4- -7854). 
Also, Length =SolidityH- Area of End. 

= Solidity -r Diam.* -^ 7854 

9 

The Right-angled Triangle. 

I "In any right-angled triangle, the square described 
upon the side opposite to the right angle is equal to the 
sum of the two squares described upon the sides contain- 
ing the right angle." Euclid, Book L Prop. 47* 

The side opposite to the right angle is called the hypotenuse; 
the others are the hoAe and perpendicular, 

•/ Hyp.'* - Base'* + Perp.'* /. Hyp. = v^(Base« + Perp.«) 
Also, 

•/ Base' = Hyp'* - Perp.'* /. Base = >/(Hyp.^ - Perp.'*) 
And, 

'/ Perp.« = Hyp.'* - Base.'* /. Perp. = v^(Hyp.'* - Base.'*) 

Hence, any two sides of a right-angled triangle being 
giyen, the third side may be found. 

2 L 
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EXF,RC1SE CXXXII, 
Prove entry Example. 
!• Find the side of a square field coottunins l&'Mi 2t. i 

■latule measure. 
3' A 8i|ii*re court-jard bos an area of 77' square yards (14* M 

inches, Hov long is its aide? 

3' Tbe leDglli aod WendCfa of a rectangle tie respectively ^-l' 

chains, 61' links, and IfB-chuns. Fiod the side of the square 

i- A IrianMulHT tield Sl'l oli. long, aad 2fl'3 eh. in perpendiculiil 
height, is to be eisbanKed for a nqiinre piece </i luud of 
equal value per acre. Find tbe side of the square. 

A' Find the diarnvter of a circle whose approximate arpa ia ITt-ao. 
1-r. St'OOe^pu. Matnte. 

8* Ho* long a ladder will reach a window sa-ft, flin. high, from 
the opposite aiJe 0( a street 30-ft. brondl 

7' The fool of a tower 03-ft. 8-in. high, is washed by a river, fmm 
the opposite hanli of which to the summit of the tawer a 
line mn^t be 71)'rt. 7'io. lo reach. Eequired tbe width of 

b- Two men ttort from the snioe point at the same time. One 
Iraveia il- miles dne went, and the olbar 2»- miles due Eoutlt. 
Ho'* fat are they then asunder?" 

S- The end of an oblong table lueasuras 4-ft. 6-ia., and the dia- 
gonal T-ft. Q'lii. What is its area? 
10' How may 42<)ft' Irees be arranged in ft teetangle Hve titnex m 
long aa broad? 

11- A certtdn number of tucd, each earning as many farlliings as 

there were men in tbe parly, gained altogether i.'tMl' 13's. 
0)d. How many were there, and what did each cam t 

12- The base of a rigbt-ant-led triangle being 82-02 chains, and its 

area 118' ac. l-r. 33'3GH'l po. statute, wbat ia the length of 
its hypotenuse ? 
1^' Bequired aolidily of a cylinder lOft. long and S'fc in diameter. 

14- Find the weight of a cylinder of granite ej fL long and 2' It. in 

diameter; sp.gr. 3888 » 

15- How much water per honr might pass through a oircular pipe 

10- inches in diameter in the clear, at the nnifonn tuIh of B- 
feet per aetood? 
16' How long ia a cylinder which, having a diameter of 3' feet, 
contains U3- en. ft, 1006-8672 ou. in.? 
' Find diameter nf a cylinder 6-it B'in. long, and containing 



33- c 
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EXTHACTIOB OP THE CBHE BOOT. 
Pointing for Cube Boot Since l'=I-; 1(P=1000-; 



100' -1000000-, ic. 
.-. Of any single digit the cube is 
Of any No. containing 3' place 
IGOOOOO- 



s fcetween 1000- and 
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And, conversely, 

If the cube has not more than three places, the root has ons. 

If the cube has four, five, or iix places, the root has two. 

If the tube has teven, eighty or nine places, the root has three. 

Hence, . 

A Cube Number never has more^ and can only have two 
i(e8s, than three times ojf many plaoes as its Cube Root has. 
And, for the units* place, and for every three places 
besides, in the Cube Number, there will be one place in the 
Cube Boot 

Consequeotly, we point for cabe root by placing a dot over units' 
place, and a dot also over every third place to the right and left of 
units, thus forming periods of three placet each, except the left- 
hand period, which m^y consist of one or of two. Hence, 
37148632*1584, when pointed for cube root, thus: 

37148632-158406 

contains four periods of three places each, and one of two places 
99ly, ciphers being added to complete the right-hand period in 
Decimals. For every period there vnU be one place of figures in 
the Cube BooU 

rormation of a Cul)e ITtimber. The cube of any 
number may be made up by the addition of two quan- 
tities, namely: 

I. The cube of the tens. 
II. {(Tens* X 3) + (Tens x 3- x Units) + (Units x Units)} 

EXAMPLE. 

94'= 9 tens + 4 units. 
Cube I = 90» = 729000- 

of 94-[ + {(90« x 3-) + (90- X 3- X 4') + 4^} x 4- = 101584- 

For, 94- X 94- x 94- = 830584- 

Extraction op the Cube Root. 

The cube of a number, as constructed above, may be 
more concisely expressed thus : 

(«+ w)» = <»+ (3. t^-\r 3. t. t*+ M*) X u 

where t represents the tens of given number, u its units, and the 
ftrll point stands for the sign of multiplication. 

In extracting the cube root, then, we first find tens of 
root, and subtract their cube. Remainder is Dividend. 

Complete Divisor is (3. f ' + 3 . ^ m + m') which will be 
contained u times in Dividend. 

2 L 2 
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But, Trial SiTisor is 3. (*; that is 3 timeB sq. of tens. 

In the preparation of these Diviaora we employ two 
oolomns. 

Id the right-hsod oolumn we put 3. t' = TH. OWth 
In the left-haad column we first >l^^H 

^t 3. ( -(- u, whicli va iben multi- J^^l 

plv hy tl. and cair; oat (in rt|{ht- ^^^H 

linad colnmn) the prodnol, wbioh v^^H 

Then, by addition of right-hand _ , _ '^^^ 

eolumn, wb get 3. r -i- 3. (. w + ti' = Cbmp. JKS. 

which we multipl; b; unit* of root, making 

{3.t'+3.t.U+u')^ii. 

First Exauplb worked oot. Cube Nckeer op Two 
Periods. Extract the cube root of 630581- 



„„ 836584- (9i- do. 

•18 »„.& 729 ,«,«..,. ' 

9K9(-<'n*;x3- = '243 Tr. Div. 101584- ., 

t3r,4-xl- - 1096-t " J 

J2339C-x4-= 101584- =(3.l« 


3. ,..*„■) J 


Explanations op Lines. -j] 


Left Coluitm. 
• 18(0-). 2. i™. 
9(0-)- k™. 
t 274- =3. tom + units. 


BigM Colnma. 1 
•243(00-),3.I< 1 
t 1098- > 3.<.ii-4J 
125396- .3.1'+S.t.,,+ 



EsPLANATrON OF THE PROCESS. 

Having pointed tLe nnmber, we find o 
(tbona.} Greatest cube No. under this h 
the cube root is B (tensij. We put i) in root, and tube of II (ihaT^ 
7aa) under the first period; sublracl, and take down aacond period, 
mahing dividend tOI&Bl' 

We then put twice (lens) in left-hand colnmn, ttnder which J(e 
write also B («iui). whioh we X (tens) and by S; canjino " * 
prodaet Bt3 (ftimdi.) in right-hand column for Triil Di»i*Dr. 
being oonlained 4 times in the lUlS hunds. n( DIvidmd, * ' 
for nnitB' figore of root. We then add together the t 
left-hand column, end aflli to the right of the 5am lb( .._ 
e (4): multiply the numtipr thus formed bj 1, ntifl A 



r which j(e 

fTjinoMi^^ 



fXTft^CT^ON OV. THB CXJSB &00T. 401 

prodnct ander Trial Pivisor, bat t;p7o.>places to tb« n^W iWhS ' ) 
Wa xma. ftdd^ t!k€l 'product, thus placed, intn ' thd Trml Divisor, 
xoakiog Complete Divisor. 25396;» wkuush we mulup^y by 4% ana 
ciaury oat product under Dividend^ 

Extension or THB PROOffiB. 

To obtain the cube root of a number of more than two period!*, 
we extend the method as we did in. square root. That is to saj, 
having worked first two periods, e^ if these were all, we then con- 
sider the two root-figures thus found as tens, and work out the next 
period. Then, considering the three root-figures as tens, we woric 
out the next period, and so on ; always considering the root-figures 
80 far found as tens, whilst working for the next root-figure. 

Seoond Example worked out. A Cube Number of 

MORE THAN Two PERIODS. Extract the cube root of 

847396215847* 

Example completed. 

847396215847-(9463-» 
18 729 



9 x«x3 = 243 ) 118396 



♦274 X 4 = 1096 



.♦25396 X 4 = 101584* 
16 



8 26508t ) 16812215 



2826 X 6 =r 16956 



2067756x6= 16006536 
36 



12 2684748 ) 805679847- 
28383x3 = ^ 85149 ' 

268559949- x 3= 805679847- 



* Thus far, the work and the two root-figures found, are the 
same as in the first example. 

The New Work. 

t In BiaHT-BAND Column. As the Trial Divisor is alwi^s three 
times the square of tens of root, and as we now (whilst seeking a 
thkd root-figure) consider the 94 as tens, Second Trial Divisor 
must be three times the square of 94 (tens)^ And this is easily 
made up by mer^y adding 16 (which is the square of last-found 
root-figure) with former Complete Divisor, and with the numbev 
standing over that Divisor. 

2 L 3 
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The square of any number » £01143 + ^^*^ ^^*^ X uniU -f- unitsK 
.', square of 94 ^QO* +2X90X4 + 4««»A.. 

And 3 times square of 04 »« 3X90^ -^6X90X4 + 3X4> 

But, from last example, we learn 
that 109tt« 3X90X4 + 48 
and that 25396 = 3x908 + 3X90x4 + ^^ 
.-. By adding IB = 4« 

we get 26608 = 3 X 908 + C X 90 X 4 + S X 4« 

= 3 times (908 + 2 X 90 X 5 + 48)=3 times A. 
s= 3 times 94^ ; which was to be found. 

Each new Trial Divisor is, therefore, found by adding square of 
last-found root-figure to former Complete Divisor, together with 
the number standing over it 

I In left-hand column we must get 3 times tens + units (see 
former example), that is, 3 times 94 tens -\- 6; or, which is the 
same thing, 94 tens X 3, with 6 placed on the right of the product 
(Principle vni.). 

Now, 3 times 94 • ' » 3 times 90 + 3 times 4* 

But the number last found in this co- 
lumn, namely, 274 is s= 3 times 90 + onoe 4 
To which add 8 = 'twice 4 

■■ ■ «■ ..-■■. ^ — ^ J ^ . 11 1,1 

And the sum 282 = 3 times .90 + 3 times 4 

= 3 times 94 
And 2820'' :=: 3 times 94 tens + 6 

Each new number in the 'left-Hand column can there- 
fore be derived from the last previous ofte by adding to 
it twice the last former figure of root, and annexing new 
root-figure to the sum.. 

The Sum of any Subtrahend and all previous ones is 
equal to the Cube of Root so far found. 

Having seen, in First Example, that this is true of the first two 
Subtrahends, we can shew why it must be true of the first three; 
thus : Let t =: 94 tens, and u = 6 

First Subtrahend = 729 
Second Subtrahend := 101584 

Sura of 1st two Subtrahends = 830584 = ^ 

3. t2 = 26508 

2826 = 3. e +w 

X6 = 3.«.tt-f M»= 16956 

8. t«+3.«.u + u«= 2667758 

Third Subtrahend = 16006536 = (3 . «»+ 3. t . « + ««). u 

«»+(3.t2+3.«.M+«2).u = 846590536 

= (e+tt)» (See p. 399-) 
= (94 tens + 6)* 
Sum of 1st three Subtrahends = 9468* 



* Prove this also by Involution. 
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tft the same manner it may be shewn that the sum of the first 
four Snbtrahetids is equal to the eube of the first four root-figures; 
but, in that demonstration, t wtil represent 916 {ten8)y and u w'Hl 
stand for the fourth root-figure (B). 

Now, the four Subtrahends are together equal to the 
given number 847396215847*, for aher subtracting them 
from it, nothing remains. 

But they are also = cube of 9463* 
;. 847396215847- = cube of 9468- 

.-. 9463- = cube root of 847396215847- 

To extract the Cube Boot of' any Number, 

First Point the number into periods by placing a dot 
over the units' place, and also one over every third place 
to the right and left of units. 

Second. Put under first period the greatest cube num-. 
ber less than it, and put cube root of that number for 
first root -figure. Subtract; and to right of remainder 
bring down next period, making First Dividend. 

Third. Pg.t root-figure in left-hand column. Multiply 
by itself, and by .3, carrying out product in right-hand 
column. This is First Trial Divisor, 

Fourth. Ascertain how often Trial Divisor is contained 
in Dividend. Quotient is new root-figure. 

Fifth. Over the former root -figure standing in left- 
hand column, put twice that figure. Add the two lines. 

Sixth. To the sum amaex new root -figure. Multiply 
by new root-figure. Carry out product in right-hand 
column, under Trial Divisor, but two places to the right. 
Add with Trial Divisor. The sum is First Complete 
Divisor, Multiply this by new root-figure. Carry out 
product (which is Second Subtrahend) under First Divi- 
dend. Subtract. Take down next period, making Second 
Dividend, 

Seventh. Under Complete Divisor put square of last- 
found root-figure. Add with Complete Divisor, and with 
the number above it (three lines). This makes new Trial 
Divisor, with which find new root-figure (as in Fourth 
Step). 

Eighth. Add twice last-found root-figure to the num- 
ber iu left-hand column. Repeat Sixth, Seventh, and 
Eighth steps as often as reqtdred to complete the 
example. 
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NoTB I. When a cipher occurs in the root, annex one 
cipher to numlier in left-hand column, and two cipbera to 
Trial Divisor. Take down next period, io. 

Note ii. To find the cube root of a Vulgar Fraction, 
take those of ita Numerator and Denominator. 

EXERCISE CXXXUL ',_^, 

Prove exact roots. Trace the prectMi'' 
Extract the Cube Hoot 
1- Of 31554496' 
i- Of 25673375- 

3- Of U706125- 

4- Of -oome 

5- Of 138991832 



^^^ 



6- Of 907882814987- 

7- Of 037, and of llf{ 

8- Of 83110180'544 

9- Of -015625 & lS-703 
10- Of 350447359153527 

11- Find V99*25242966-036381696 

12- Extract i/31'11837677726740661fi936- 
Thh Fochth, Sixth, and othsk Boots. 

Any root whose exponent is a power of 3- or 3; 
product of any of their powers, may be extracted %j 
means of the methods explained above. Thus : 
4th root = square root of square root 
6th root = square root of cube root. 
= cube root of square root. 
8th root = sq. root of eq. root of sq. root. 
9th root = cube root of cube root, and so oa. 

EXERCISE CXSXIIT. [cojiHraui.) 
U- EWrBcl the fourth, or biquadrale, root of 8e7ia3073a' 
li- Find the niilh root of aiBavollMlStlas- 
le< WfaaCisrJieniDlh root of 3 111 837 67 7 7 26 7 .166(1 1 &B36- 
Id' Eilract, to seven plftces escb, \/3' uid X/tS- 
17- Htnr long is ilia edge of a eabe, the solidity of whiah i 

na. n. lO' U-" *■"■? 
IB- A cubical tank wiU contaio 23- tons 18- cwU !■ qr. Ji- lb. l»'o_. 

of water, sp, gi, r Hov mnob grooud does it stand ou, tliA 

materisl bidng 3- inoheu thick? 
19' A certain squnre prism is -1- ft. 0' in. long, bj 4* ft wide and 

I' ft. B' ia. thick. Required the edge of an eqosl cube. 
20- What is the vbole superfcial area of acuba trboBeioUditf is 

18(1- ca. ft. I'Ml-" ll'"'? 
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Nota to PagB 176- 
Old add New Styles op Keckoniko Time. 
J The JuutN Aire GnKoofiim Calkkdabs. Tbe nBceaaity tor l»o 
I' ifearK of different lengths, Ibe Common Vear of ItGD- days, and the 
Bissextile or Leap Year of 30li; arJEiBS frota the fact that the earth 
does Dot make an exact oamhrr of diaroal revoliitionA on her alia 
duriai; her aonuBl Dirooit roQoiI the saa. Hence the Tropical 
Year in not an exact mnltiple of llie Solar Day, hut containa 3fi&- 
Buch days, and a fntotioD (3S6-242S4 days). 

UowD to tbe time of Juucs C>:But, no praodcal notice of this 
ftactioD nas taken in the computation of years, and ineitricabia 
oanfnnion of date* «Bi> the reanlt. For, taking tbe fraction at 
exactly ^ of a day, tbe negleot of it irODld make eveiy fourth year's 
date expire one day too Bono; one daj, that h, hsrore the earth 
hail Donipteted ber fnuttb annual joornej ronnd the son. And, as 
3(>S'X^' ^ UliO', in that number of dated years one whole such 
year would be ^ned. For I4B0' such yearn would only represent 
115i>' complete revolutions of the eaith about the son ; and, hence, 
thti year which would he called HSO- after any giren epoch, would 
be, in reality, onlj IISB' years after it. The Beaeons, too, would, 
by this time, have made tbe entire round of the year. The longest 
day, for example, would hava fallen, in sucoession, on every dale 
in tbe year. 

These coosiderationa ebew the eerions nature of the error which 
Julius Ceesar sought to remedy, hj the additioo of an interealary 
day [Feb. 29th] la every fourtii year; a contriiance for retarding 
dates that would have been perreclly etl'ei'tual if their rate of accele- 
ration had been exactly onefounb of a day per annum. They had 
not, howeier, been advancing so rapidly as this; for the Trnpical 
Year is leas than 305-35 days, by -00776 of a day, amcunting to 6 984 
days in 900- Julian Years. The Julian sebeme, therefore, over-cor- 
rected the error which it was intended (o counteract, and retarded 
tbe advance of dates, mare than was DeaeBsaiT, by nearly T- daya 
in 9(K)-yeara. This new error had produced auch inoonveiiieoce by 
tbe tiroe of Pofe Qbebort xm., that, in 10t<S', be promul gated, 
for itn correction, the rule which bears his name. It is that which 
ia oxplEunsd on page 17S-, and it preacribea that, in every 100' 
years, three whioh, under the Julian scheme, would bate been 
leap years of 3Bfl- days each, shall be common years of 306- daya 
eaeh. This plan accelerates the Julian speed of dales by O'TS 
days in DOO- years, and. thUH, so very nearly nonnteracls the error, 
that 10,000- Oregorian Years differ by only 2-(t days from the lifaa 
nuiiber of Tropical Year<. And this error IniiEht ha reduced to a 
single day in L'O.IXH)- years, bv (extending tbe OregarisQ principle 
one step further) declaring that every year divisible bj 4000' shall 
_Jso a oommon year of 8Wfi- daya, as suggested by Sir John Hersehal. 



4 



i 

1 
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36; 525,000- 

775- 

S6;524,225' 
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Proof. 
To WS- fiajs X ltX»,TXIO- ' ' "' ' 

Add 1- day for every IJfejWt 4)/i !.I ■!'!« 
.'. 100,000- JriiAN Tz&RB contain 
Sublmwl 3' d«j» frtr e^erj HW- years '= TSiydiV 
And 1' day far every 4000' yeuii^ 3S- d.J 
.-. 100,000- Gregorian Tears contain 
But 100,000' Tbopioaj, Y^AJts conUia 
Error in 100,000- Gregorian Years = only ' T- 

When tbe CrcgoriaA Calendar «u< pramulgatnd. in 1582-. tlia 
MoniOulaWii error of Ihe Julian coropulation amoaated Ui 10- days, 
irbieh DOmfaer it was, ooaseqaenlly, necsijssry to stnbH ont, andr 
tliU wna done by callmg the uexl day to Oatober 1th, October ICthi 
iuBleAd "f October bib. 

Tlie Gcegoriao Calendar was nut adopted io EDglond uatit 1763-, 
when II- nominal days were cnn called, by placing tli« Uih of Sap- 
terabtr neit Co the Snd or that niontli. And these two days are, 
reapeotively, Ibe first of ITbw Style, and Ihe Inst aS Old Bt^le. in 
Engliiih Chrnoolojzy. 

Hussia is the ooly Eumpeaa country ■□ whieh O.S. is still re- 
tained. There i» now a diflierence of twelve days belneen the tl 
Styles, ao that a RoaaiaD's New year's Day is our Jaiiuai7']3t"~ 
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Note to Pages 87- and a07' 
PURB SUBTB ACTIOS. 
When borrowing is necetisary, Subtraition in alwaye eflbfit«d 
the aid ol Addition. For, we ?ay eitber, 

I. BoTTotoed Quantity + JHinusild-jSffiiPS — SiAtrahend fi^nre. 
or, n. Horrowtd Qitantity — Subtrahtnd-JigtiTe + Miniicnii-Jigun' 
But, ne migtit diapeose with tht- Additioo, by sayine, 
m. Barraued Qtiantity ~{SubtTahind-J!gtiTe — llinuetid-Jigun). 



Ex AMP I 
Jrom anaB0O2143- 
Take BaiflgawT- 



Pure Subtraction. 

though we cannot take 7- from 3- 



we panliike3-of ihe7-fronjihe 3-; 

only i' to be taken ttoat (be borrowed Int. 

The Work, without employing Addilioii, a 



3 from 8 j 
n fi'om 6 I 



b Tram itn Q 
fl from Itn 4 

B from 



6 from 9 three; 3 from ti 
i from 9 jiv*; 6 from (i 

"W- llrenl<m, ■printer, Plymoi 
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CHBiSTIE'S CONSTBTJCTIVE ETTMOLOOICAL 

SPELLING . BOOK. 



CRITIC-A.I4. NOTICES. 

Atheneoum. 

" An elementary 8pelling>-bQok, on a partly new and very aatisfactory 
plan, as it seems to ns, — the leading features of which may be thus 
brieny explained : — The book begins with the first alphabetical prefixes 
A, Ab, or Abs (Latin), signifying from or away; A, (Anglo-Saxon) on, 
m, to, at, and those words are then given, with their meanings, to 
widoh these are attached. The other prefiflto and affixes foUow in 
their proper order. Thus, the learner, from &e common germ, gets a 
chie to the sense of a whole ftimily of verbal variations. In a second 
part of the work, the Greek or Latin root is placed at the head of the 
column, with the radical meaning attached; and underneath, the list 
of words into the composition of which it enters; — e.g. Agon (Greek), 
a airuffffle; agony, intiUM pain; agonize, t^ strive painfully; antago- 
nist, an opponent; antagonism, opposition. There are also interspersed 
throughout the volume a number of foot notes, explaining such little 
difficulties as are likely to puzzle the learner." 

Educational Booord. 

*^The title of this little book sufficiently expresses its purpose. Its 
author has had much experience and success as a teacher, and he has 
here embodied the result, not only of his experience, but of much 
research and labour in a very important field. The study of the origin 
and derivation of English words has become an indispensable part of 
even elementary education, and we do not know how it can be better 
forwarded than by the adoption of this sensible and well-arranged 
volume." 

Papers for the Sohoolmaster. 

"We have been in schools where the teachers have most miserably 
failed in attempting etymology, and this too, where there was really 
nothing to gain by tracing die word back to its root; and in many 
cases, where it was well done, we were not at all satisfied that the resuH 
was worth the pains. Both for teachers and their apprentices, we do 
not know a Manual of Etymology that would serve them better than 
the one now under notice." 

The Critic. 

"This little work, though written for elementary schools, contains 
much valuable matter upon the derivation of the principal words in 
our language. The compiler has bestowed great care and labour on 
his task. As possessing a vast superiority over the numerous spelling^ 
books put into the hands of children, it must ensure an extensive use. 

Educational Times. 

"We have no doubt this little work will prove very useful. The 
arrangement is made with considerable intelligence, on a plan developed 
to a degree we have not yet met with, and bearing every evidence of 
greater usefulness than those already employed.*' 
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Bev. J. Winter, H.A. 

XtO PrinnpA, Training CoU^f, Battinta. 

"Toa Iiave mpplied a desideratum is giving; the meaning of each 

drnTstive; stltiiig which is oot done, m far u I knan-, in nny si^boal- 

book on the subject. I will give jcna book all the eacauragement 

that I can." 

Bev. William J. trnwis, U.A. 

Prturipal if (*» TVoiiiwjp /iii(j(u(jo» if l*t C'uiisrjjKHiosal Boitri nf EituMsm 
"I have uwd your Conatmctive Etymological Spelling-Book TiBl 
much satisbction." 

Mr. W. Hfunmond. 

Lalt Bead JftuUr of Iht Commercial TravtUtrif Sihoti, WmtUed. 

" I tune found the introduction of your book of veiy great ftdrantage 

amoDgst our «choIan. fhe Interest tliey new exhibit, in what is 

gonerally considered a dry subject, I mainly attribute la the ingtnioua 

plan of reference you have adopted Ihroughout." 

EngliBli Journal of Education. 
"Very sensible snd useful." 

Blackbttm Standard. 
" Que of the best elemcntoTf spelling-books published." 

CoventrT' Herald. 
"It riiroiBhes a key to the oompri^hension of all the most diSouK 
words in the language." 

Olas^w Examiner. 
verr useful and much nseded work. While it ia an eicellent 
school-book, it will be of great use to grown up peraoc 
tiiflmsolres deficient in tbia important branch of education." 
Durham Advertiser. 
"A little book, which, though avowedly written for elementary 
Bohoola, would not, as our experience can teatijy, be out of place in 
many eduoational Eatabliahmente of much greater pTeteoeions. The 
study of the origin and derivatiaD of Engliah worda, bo long neglected, 
has now come to be regarded as on indispensable part of eron dem ~ 
tary education; and tho publication of the present work will give 
impetuB to that Study, EUd greatly fecilitate the Inboura both of 
teacher and the pupil. Its author is himself an experienced and 
successful teacher; and has adopted the aystem here suggests ' '~ 
hia own school, wiUi unvarying and nuiform success." 

Derbyshire Advertiser. 

" The attainment of a new edition, and numerouB public and private j 

stimonies to its utility, sufGciently prove the value of this work, and 

ace it beyond need of further uommcndation. We consider the plan 

' it Bu admirable one, calculated to impress tho meacinga of vords 

upon the memory in the easiest and most valuable way. The acholat 

hearing in mind the meaning of the root, is enabled to recollect tiois 

of ita derivatives. Great researuh and labour have been devoted to 

J the perfecting of the plan : and we think the advantages of it will t>c 

I speedily recognised, tuid their cheap exponent abundantly pi 
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